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REPORT 


OF THE 

COMMISSIONER OF AGRIOIJLTURE. 


Department of Ageicelthre, 

Commissioner’s Office, 

Washington, D. C., November 15, 1887. 

To the President: 

I respectfully submit my third annual report as Commissioner of 
Agriculture. 

The year has been crowned with plenty, though in a large and fer- 
tile district, in the heart of the summer, the heavens were brass and 
the earth ashes. Even fervid suns and cloudless skies have failed to 
convert the fat areas of alluvium into a desert. When a field of 
maize, with only a sprinkling of water from planting, is able to ma- 
ture 40 bushels to the acre, nothing but careless cultivation can 
destroy the crop. It is a truth, which observation affirms and reit- 
erates, that natural disabilities, however heavy, are loss injurious 
than bad cultivation, and can be measurably obviated by the intelli- 
gence, alertness, and skill of the good farmer. It is the crop of the 
poor cultivator that is burned with drought, eaten by insects, or 
caught by the frost; if the skilled husbandman suffers a partial loss, 
his large remainder sold at appreciated prices nets a fair return. 

The last seven years have been, with one exception, seasons of less 
than medium yields of corn, the great American tillage crop, and yet 
there has boon no famine ; exportation to Europe has been only lim- 
ited by enhancement of price ; and the homo consumption of this 
one crop has averaged nearlytwice as many bushels per capita as the 
European consumption of all the cereals in the same time. The 
great American desert of thirty years ago continues, as for several 
consecutive seasons, to pour its wealth of production into the na- 
tion’s granary of maize, and stands in rate of yield among the most 
favored districts of the land. 

The food question which most agitates the farmers of other coun- 
tries is American competition in the wheat markets of the world. 
In the western nations of Europe such competition has been serious, 
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reducing rents, consuming the tenants’ surplus, and deepening the 
agricultural gloom and depression. Still it continues. One-third 
of the wheat crojj of last year was exported. More than half of the 
wheat and flour imjwrts into Great Britain are still from this coun- 
try, and last year the proportion from America was increased, while 
that from India was diminished. Whether profitable or not, the 
exportation still continues, and is likely to continue while virgin 
areas of wheat lands are annually broken as emigration extends 
westward. The comparative prominence of this country in its wheat 
surplus may not he popularly realized. Where our exports have 
exceeded 136,000,000 bushels per annum for ten years, those of Russia 
were about 66,000,000 bushels amd those of India 24,000,000 bushels, 
in round numbers, for the last decade. Other lands contribute only 
a very small surplus — Australia, Chili, the Argentine Republic, and 
others only a few millions each — and the combined surplus of all 
nations does not egual that of this country. 

It is an important question, in view of the rapid increase of availa- 
ble rural labor, tending to overproduction of the fruits of the soil and 
the cheapening of their values, what can be done to give greater vari- 
ety to the products of agriculture? What can this Department do 
towards the introduction of new plants and the development of new 
rural industries? The sugar problem is one of the largest, but there 
may be a thousand minor products of cultivation, fruits, fibers, medic- 
inal plants, dyes, and many others, which together may make an aggre- 
gate surpassing that of the largest single product. 

In the established industry of meat production, which is as old as 
agriculture, tb ere is ample opportunity for economy and for success 
snatched from narrower margins of iU’ofit. The wastes of the past 
have been enormous, hfoglect of improvement in blood, irregular 
feeding, exposure with semi-starvation, and waste of rough material 
in tlie fields, have increased the cost of meat and reduced its quality 
and intrinsic value. The successful feeder realizes the necessity of 
(continuous and liberal feeding, and understands well the loss in 
flesh and its reduction in quality in alternate stuffing and starving. 
There are multitudes, however, -who do not understand or who fail 
to heed it. As the cost of corn and other material increases, the 
margin for profit is liable to be narrowed, rendering necessary the 
practice of all possible economies and the use of all available ma- 
terial in meat-making. It should Ire understood, however, that 
moat here, as elsewhere, now, as ever, promises to pay the farmer 
better than grain. The tendency has been to comparative advan- 
tage in price. The grasslands in times of agricultural depression 
yield tbe better profit. Their proportion is increasing to-day in 
Great Britain, where agricultural lands are dearest, from this cause. 

There is a branch of meat-making that has been neglected in this 
country. Sheep husbandry has been followed for the production of 
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Tvool rather than for mutton. The latter production has been so 
neglected as to render scarce meat of supei'ior quality, tending to 
prevent the desirable increase of mutton consumption. In many sec- 
tions it is unpopular because the, popular taste has had no opportu- 
nity to appreciate fine quality. There is a wide field for improve- 
ment in quality and cost of this healthful and nutritious flesh, and 
the additional product of the fleece should render mutton- sheep profit- 
able, however wool may fluctuate in value. 

To the solution of these and many other problems of husbandry 
the effort of the Department is persistently and zealously directed. 

The Department of Agriculture to-day presents a striking and in- 
structive contrast with its status when established as a separate De- 
partment in 1862. The organic law but faintly outlines the present 
labors and purposes of the Department. At its organization there 
were but three divisions in the Department and but few employes; 
indeed, but one, the seed division, was generally known to exist, and 
to many minds its one object, the gratuitous distribution of garden 
and field seeds to miscellaneous applicants, comprised the beginning 
and the end of its aims and efforts. 

But the Department has been able, under many and trying situa- 
tions and despite the prejudices which were born of these miscon- 
ceptions and the banter of cavilers, to keep pace with the develop- 
ment of the rural economies of our people, and it has so well com- 
mended itself to the country and to Congress that it has to-day no 
less than twenty separate and distinct branches, each busy in its own 
specialty and duty, and many of them sending through the country 
thousands of circulars, bulletins, and rex)orts showing what science 
has to teach of the problems of the soil, of the insects which depre- 
date, of the diseases which devastate, of the various other questions 
which continually confront our agriculturists, and making, as a whole, 
an aggregation of scientific effort suggesting advancement and im- 
provement in agricultural endeavor. 

The position which the Department occupies to-day, then, is that 
of an adviser in those investigations and enterprises which are to 
have an important bearing upon the future agriculture of this coun- 
try. In the beginning the Department may have been an experi- 
ment, but its condition now should leave no doubt as to the precise 
relation which the Department should hold to the Government. The. 
development has been natural, and there may be a valuable lesson 
in the history of its evolution. The relation to which I refer needs 
to be recognized, not through the mere changing of a name, not 
through any radical legislation which may meet the favor of one 
class and the disfavor of another, nor yet through any entangling 
alliances which would only serve to distract attention from the one 
great and leading thought which should always possess those who 
administer the affairs of the Department, but rather through a well- 
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endowed de-partinent, fully authorized to employ scientific experts 
and specialists in its several lines of investigation at jnst and reason- 
aole compensation, fully equipped with the latest and most approved 
apparatus, with conveniently arranged work-shops and safe and 
healthful surroundings. If it is wise to prepare for war in time of 
peace, shall we not give a thought at least to famine in time of plenty? 
Oiir farnning population is not always to enjoy the blessings of the 
retnrns from a virgin seal. Science and sense are to he the hand- 
maidens of our future agriculture and commerce, and it is not too 
soon for us to anticipate what the refpurements are to he if we are to > 
continue in our present state of agricultural independence and su- 
premacy. 

The salaries paid in this Department for s(.*ientific and spetdal work 
arc not in proportion to those paid in other hranches of (.xovernment 
and in private institutions for work of a like responsibility. During 
the year other Departments of the Government, as well a.s a State 
agricultural institution, have been enabled to take from the chemical 
division of this Department three of its best chemists and transfer 
them at largely increased salaries. A chemist, or any ( )ther employ^, 
ought to be wujrtli as much in this Department as in aiiy other; but 
the equalization will only come vdion the Department has a well- 
defined, distinct status, where its needs and requirements will have 
that recognition and respect which are accorded to the older Depart- 
ments. 


It has been my aim during the year to continue established lines 
of investigation, and to inaugurate new ones for which a necessity 
appeared to exist in the progress of development of the De[>artment 
and of national agriculture. Five new sections have been organized 
during the present administration. 

The Department was established to sulrserve the various interests 
and industries of agriculture. Plants and seeds that are the germs 
of future rural industries have been introduced; experiments that 
are to cheapen and facilitate production, and those that may have an 
exceedingly important bearing upon our industrial economy and 
national wealth, have been made; organized effort has boon essayed 
to secure early and accurate information of the crop products, to give 
the isolated producer all the in Cormadion which the buyer can possi- 
bly obtain; and various practical applications of tlio latest discoveries 
of science, f hat am needed to relieve the burden of toil, have either 


been initiated already or form a part (d' a vast array of investigation 
which only awaits the necessary encouragement on the part of the 
legislative branch of the Government. 

ISTothing better illustrates the present status of the Department 
than the gratifying demand for its various official rejjorts. No less 
than 380,800 copies of these have been published and distributed the 
past year — a record which exceeds anything within the history of the 
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Department by nearly 150,000 copies. But this does not include all 
the information disseminated by the Department. Congress dis- 
tributed, through its Members and Senators, 375,000 copies of the 
Department’s Annual Report of last year, and, in addition, also dis- 
tributed directly several thousand 'Volumes of special reports pre- 
pared by the Department. 

Nor does tliis indicate fully the wide-spread interest in the work 
in whicli the Department is engaged. Invitations are constantly 
being '’eceivcd by the Department to send its representatives in some 
particular branch of science to conventions and meetings that are 
called to discuss the problems of agriculture. I have considered it 
my highest duty to respond to this demand as far as possible, and I 
have sent agents to various parts of the country to meet with and 
confer with the people for the purpose of discussing those questions 
which relate to the common weak The Department has exchanged 
in this way the experiences of science for those of practice, and its 
agents have been enabled to acquaint themselves with the immedi- 
ate wants of those assembled and to supply the information required 
to institute the needed investigations. It will be realized, therefore, 
that the Department of Agriculture, through its publications and 
through these efforts, may benefit incalculably a vast constituency, 
and that a successful administration of its affairs can only be con- 
ducted through a vigilant, energetic, and progressive policy. 

During the year I have constantly endeavored to administer the 
office in this sjiirit. There have been experiments conducted which 
promise interesting results, and one of which bids fair to signalize 
the year of 1887 as one of the most important in our history. The 
manufacture of sugar from sorghum is a question to which time 
and money have been devoted by Government and by private enter- 
prise. Varied successes have been achieved. Success has alternated 
with failure, from a financial point of view; encouragement has 
given way to discouragement, and enthusiasm to lethargy, until 
recently, when the Department conceived the idea of applying an 
entirely new process, so far as sorghum was concerned, but one 
known throughout Europe as applied to the extraction of sugar from 
the beet. 

Enough was shown in experimental work with the diffusion process 
to justify me in sending an agent abroad to study the details of the 
machinery) , io personally examine the several methods of manipula- 
tion, etc., and to acquaint himself generally with those points, in de- 
tail, which might be conducive of success. In this, as in many other 
instances that might be cited, the information and experience thus 
secured proved to be only the germ of what was to be the new process, 
American genius and American thought quickly applying themselves 
and solving the mechanical and other difficulties which were as sure 
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tO' be met with in adjusting beet machinery to the uses of the sor- 
ghum plant and in the manipulation of its juices as in any other 
radical change. However many mistakes were made^ however much 
sacrifice of time and money and thought were involved, whoever may 
be entitled to criticisms for temporary failures or plaudits for suc- 
cessful experiments, one thing seems sufliciently assured to outweigh 
all other considerations as to how the victory was accomplished, i. e., 
the solution at last of the problems which are involved in the eco- 
nomical and successful manufacture of sugar from sorghum. It is 
yet too early to make to you an official report of the results, in de- 
tail, of the present year’s experiments in this direction, but enough 
is known already, I think, to enable this country to anticipate, at an 
early day, the production of a sugar supply from a plant as easy of 
cultivation as corn, but little circumscribed by climatic influences, 
and one whose by-products have a value equal to the cost of raising. 

In my first annual report I referred to the gratifying results of a 
convention, composed of delegates from agricultural colleges and ex- 
periment stations, called by me for the purpose of developing a sys- 
tem for the unification of the results of experiments and reports by 
them. The succeeding year I devoted a goodly space in my report 
to you to a survey of the field of experimental agricujture. I am 
happy to say that Congress, at its last session, enacted a law provid- 
ing for governmental aid in this direction, through the respective 
experiment stations of the .country, and another meeting of the dele- 
gates referred to was held at this Department in October last, to dis- 
cuss the adaptation of the measure to the respective stations and to 
agree upon a uniform plan of operation. The meeting was an emi- 
nently successful one; it was fully reported for the Department, and 
its proceedings will be published as a special report. The result of 
the meeting was moreover a most gratifying outcome of my efforts 
to establish relations which ought long ago to have existed between 
this Department and the several colleges and stations. Happily the 
bill in question will result in much good, and much more can be ac- 
complished if Congress will recognize the necessity, which has become 
quite imperative at this stage in the progress of scientific experiment 
in aid of practical agriculture, of the establishment, under the im- 
mediate supervision of this Department, of a central experiment 
station, with proper accessories, for the investigation of questions 
affecting large areas, and such as relate to the whole country. This 
should constitute, in connection with a properly organized clerical 
force, a division of the Department, charged with the duty of collat- 
ing and consolidating the main results of work of all experiment 
stations, of co-ordinating their work, and disseminating the results 
obtained, and of presenting also the results of similar research in 
other countries. I recommend the establishment of such a, station 
and division in this Department. 
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BUREAU OF ANIMAL INDUSTRY. 

The work of this Bureau has been greatly increased and extended 
during the past year. The appropriation act approved June 30, 1886, 
gave authority to expend money for the purchase and destruction of 
diseased animals whenever it is essential to prevent the spread of 
pleuro-pneiimonia from one State into another. The total eradica- 
tion of the plague being necessary, in the opinion of experts, to pre- 
vent its spread from State to State, it was decided to use the money 
appropriated in the purchase and destruction of diseased cattle 
wherever this action would have a tendency to secure such eradica- 
tion. It was evident, however, that to purchase diseased animals 
wherever found would not elfect such eradication unless, by co-op- 
eration with State authorities, regulations could be enforced which 
Avould secure the control of exposed animals and the disinfection of 
premises. 

In August, 1886, by co-operation with the authorities of the State 
of Maryland, the purchase and destruction of cattle affected with 
pleuro-pneumonia was begun. In this case the exposed cattle were 
to be disposed of by the Maryland Live Stock Sanitary Commission 
under the State laws. Owing to the expense attending the quaran- 
tining and slaughter of exposed cattle, few other States were willing 
to co-operate for the extirpation of this malady until after the appro- 
priation act approved March 3, 1887, went into effect. This act in- 
creased the appropriation to $500,000, and authorized the use of ^^any 
part of this sum! in the purchase and destruction of diseased or ex- 
posed animals and the quarantine of the same.” 

Immediately aftpr this bill became a law, rules and regulations were 
prepared in accordance with section 3 of the act of May 29, 1884, and 
were certified to the governors of all the States and Territories, with a 
request for their co-operation in enforcing them. The governors of 
thirty-one States and Territories have accepted these rules and regula- 
tions, and have promised the assistance of local police officers to secure 
their enforcement. In addition to this the legislatures of the States 
of Rhode Island, Virginia, hTew York, and Illinois have enacted laws 
providing for co-operation and placing the work in charge of the Bu- 
reau of Animal Industry. With these laws and regulations the work 
of the Bureau has been carried on in all of the States where pleuro- 
pneumonia has been known to exist, with the single exception of 
Pennsylvania. The governor of Pennsylvania has expressed his 
desire to co-operate, so far as is possible under the laws of his State; 
but as the officers in charge of this work found but few infected herds^ 
and reported that these were promptly disposed of according to State 
law*, the necessity of action by this Department is not yet apparent. 

The worst infected counties, and those from which there was most 
danger of the spread of the disease, viz, Cook County, in Illinois ; 
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Westchester, New York, Richmond, Kings, Queens, and Suffolk, in 
New York ; and Baltimore, Howard, Carroll, and Prince George’s, 
in Maryland, have been placed in quarantine and no cattle allowed 
to leave them without a permit issued after a special examination. 
By this means new outbreaks have been almost entirely prevented. 
Before these regulations were made the contagion was carried to the 
counties of Washington and Delaware, in the State of New York, 
and quite widely disseminated. It was stamped out, however, with- 
out any serious interference with the trade and commerce of these 
sections. It was also carried into several counties of New Jersey, 
but in the most of these cases it has been extirpated. 

From the beginning of the work for the eradication of this disease, 
in August, 1886, to October 31, 1887, the inspectors of this Bureau 
have carefully inspected 15,387 herds, containing 117,480 animals, in 
districts where the plague was supposed to exist. Among these there 
were found 798 infected herds, containing 10,766 animals, of which 
2,235 were affected with pleuro-pneumonia. These figures do not in- 
clude 2,873 head of cattle in the distillery stables of Chicago, nearly 
half of which were diseased. The number of animals found affected 
with this disease, and the number of infected herds, were much 
greater than had been anticipated, and the work for its control has 
consequently required a correspondingly larger force and greater 
expenditure of money. Our progress^ however, has been very satis- 
factory, and the appropriation has been found sufficient to meet the 
demands which have been made upon it. 

At the time of writing my last report the serious outbreak of 
pleuro-pneumonia at Chicago, 111. , had recently been discovered, and 
there was great danger that the plague would extend and cripple the 
great cattle industry of the Western States. By promptly placing a 
guard over the worst infected stables, and by co-operation with the 
State authorities for the destruction of all diseased and exposed cat- 
tle and the thorough disinfection of premises, the contagion was not 
only prevented from spreading, but I am happy to say it has been 
entirely extirpated. The restrictions placed upon the movement of 
cattle from Illinois by the authorities of other States and Territories 
are now being removed, and within a short time this interstate traffic 
will again be carried on with entire freedom. While the loss to the 
farmers of Illinois from this temporary interruption of trade has 
been very heavy and the restrictions have been burdensome, it is a 
matter for congratulation that it was possible to remove the source 
of this trouble in so short a time. 

The work done in Illinois from October 1, 1886, to November 1, 
1887, is shown by the following figures: The total number of herds 
examined was 7,285, in which were found 24,161 head of cattle. Fost- 
mor/em examinatio - s were made on the carcasses of 7,693 animals, of 
which 1,425 were found affected with pleuro-pneumonia. The total 
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number of cattle purchased for slaughter by the Department^ because 
exposed or supposed l:o have been exposed to the contagion, was 988, 
of which 172 were affected with pleuro-pneumonia. The number of 
stables disinfected was 634. The total expense in suppressing this 
outbreak to October 31 has been $66,329.11, of which $3,179.63 was 
for affected and $13,560.03 for exposed animals. There will be some 
slight additions to these figures, as the accounts are not all adjusted 
and there is still some work to do. 

Very satisfactory progress has been made in the other infected 
States. In New York there have been purchased for slaughter 646 
exposed cattle and 153 affected ones; in New Jersey, 67 exposed and 
57 affected; in Maryland, 1,287 exposed and 1,285 affected. The 
plague has been completely eradicated from Washington and Dela- 
ware Counties in the State of New York, and several counties in New 
Jersey and Maryland have been nearly or quite freed from it. A 
thorough inspection of the District of Columbia, and of the counties 
in Virginia which were infected at the time my previous report was 
written, shows that the disease no longer exists in these sections. 

There has not been a time in years when this malady has been con- 
fined to such restricted areas as at present, and consequently the con- 
ditions are very favorable for its complete eradication. If the State 
authorities continue their co-operation as at present, which there is 
every reason to expect, and if an appropriation is made by Congress 
equal to that of the present fiscal year, and with authority for its 
similar use, it is believed that this dangerous plague can be extermi- 
nated by the end of the next fiscal year. 

While the work for the suppression of pleuro-pneumonia has been 
by far the most extensive of any. done by the Bureau, investig;ations 
of other contagious diseases have been made which have yielded very 
important results. Such investigations have for their object the dis- 
covery of the essential nature of these diseases and the methods by 
which they can be most effectually prevented. The advances of 
knowledge in this direction are not only of value to the farmer in 
assisting him to save his property, but they are of great advantage 
to the consumer by their tendency to improve the quality of the meat 
supply, To the country at large such questions are worthy of atten- 
tion, since animal food can not be produced in abundance and cheaply 
in countries where animal plagues are allowed to ravage the flocks 
and herds without intelligent efforts for their control. Our country 
has been especially fortunate in the past in having but a limited 
number of such diseases to contend with, but with the increased im- 
portations from the Old World, and the shortening of the time re- 
quired to make the voyage, other foxms of contagion are being intro- 
duced,^ and unless proper regulations are made and enforced we will 

Boon have to contend with all the maladies which have hindered the 

• ^ 

production of live stock in Europe and Asia. There must continue 
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to be, for this reason, an increasing demand for the services of the 
Bnrean of Animal Industry, and the powers of the Bureau should 
be increased and its organization perfected, so that it may accomplish 
the entire work for which it was established. 

In addition to the work for the investigation and control of ani- 
mal diseases, inquiries have been made in connection vdth many 
special subjects bearing upon the economical production of animal 
products. 

The quarantine of cattle from foreign countries has been main- 
tained dqring the year by this Department. Owing to the low 
price of cattle in this country the importations have been very /Small. 
Ho case of contagious disease has been discovered among imported 
cattle since my last report, and the safety of our quarantine system 
is shown by the fact that no case of pleuro-pneumonia or other con- 
tagious disease has ever been traced to cattle which have been dis- 
charged from any one of our quarantine stations. 

DIVISION OF ENTOMOLOGY. 

The work of this division during the past year has been signalized 
by the completion of two important investigations; the one upon the 
Cottony Cushion-scale of California, and the other upon the Hop- 
louse. Both of these investigations were mentioned in my last re- 
port. 

From the middle of March until nearly the middle of May the 
Entomologist' was in California, concluding the first of these investi- 
gations and studying the other insect pests of that State. His ob- 
servations supplemented those made by two field agents of the divis- 
ion, who were stationed in Los Angeles County during the greater 
part of the summer of 1886, and the results are included in the An- 
nual Report for 1886. Other supplementary facts concerning this 
investigation, bearing for the most part upon the original habitat of 
the species and summarizing an extensive correspondence with natu- 
ralists in Australia, Hew Zealand, and South Australia, but also in- 
cluding the results of certain experiments with gases against this and 
other scale insects, have been published in Bulletin Ho. 15 of the 
division. 

As stated in my last report, the Entomologist and one assistant 
visited the hop-fields in September, 1886, and made important obser- 
vations. During the greater part of the present season three assist- 
ants have been stationed in the hop-growing region of Hew York 
State, one studying the life history of the Hop-louse, and the other 
two experimenting with different remedies, and particularly witli 
cheap and effective means for th e application of insecticides. Another 
agent was sent to the hop-fields of Wisconsin during August and a 
part of September, where he collected additional information and 
made confirmatory observations. The Entomologist, moreover,- has 
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been in the field at several times in the course of the season superin- 
tending these observations^ and. the results of the investigation are 
more satisfactory even than I had hoped. There is now no reason 
why this pest, which last year damaged the crop to the extent) of 
hundreds of thousands of dollars, should be longer feared by hop- 

growers. 

In consequence of impaired health brought on by long overwork, 
the Entomologist was given four months’ leave of absence without 
pay during the late summer and fall. In this time he visited Euiope, 
and in England read papers before the Manchester meeting of the 
British Association, and carried on a series of observations upon the 
Hop-louse in that country, confirming observations made upon the 
same insect in this country, and announcing new and important 
facts in its life history to the English hop-growers. He also devoted 
some attention to the Hessian-fly question, which is at present pro- 
foundly agitating the agriculturists of Great Britain. 

The Entomologist also visited the Continent and investigated the 
latest European insecticide machinery, a large mass of which he 
found to be simply reproductions or modifications of devices in- 
vented in the course of the investigations of his own division. The 
report of the international congress at Florence, mentioned in my 
last report, and which has just been published, indicates this fact 
very plainly, and it can but be a source of gratification in this 

country. 

The investigation upon the Southern Buffalo-gnat has been con- 
tinued during the present year. An agent has been stationed for 
the greater part of the season in Arkansas and Mississippi, and the 
results obtained have been of considerable practical value, although 
there are still several obscure points in the life history of the insect 
which, although they have so far baffled the skill of the observers 
of the division, will doubtless be cleared up another season, and may 
suggest a practical and easy means of fighting this great pest. 

Considerable time has been devoted during the year to the collec- 
tion of data concerning the Chinch-bug, which has been extremely 
injurious in several of the States, and also concerning the Plum Cur- 
culio and the Codling Moth. All of these are Avell-known insects and 
much has been written concerning them. There are, however, no 
standard articles which are readily available, and the Entomologist 
will include comprehensive accounts of each of these three insects 
in his annual report. 

The publications of the division have been, in addition to the an- 
nual report of the Entomologist, Bulletins 'Nos. 10, 13, 14, 15, and 16. 

Bulletin 10 comprises an account of the most injurious insect 
defoliators of our shade trees. It is illustrated with numerous 
text figures and by a plate, and was called forth by the damage 
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done by the Fall Web-worm and other insects to the shade trees 
of Washington and other Eastern cities during the last two years. 
Bulletin 13 contains reports from several agents of the division, in- 
cluding a report upon a sudden and disastrous outbreak of native 
locusts in Texas inl886 ; a report on insects injurious to forest and 
shade trees, continuing observations made during the past four y ears 
in New England and northern New York; a report on tests with 
insecticides upon garden insects in Ohio, and some general reports 
upon the insects of the year in certain of the States. Bulletin 14 
contains a somewhat extensive report upon insects injurious to 
garden crops in Florida, resulting from observations and experiments 
made during the summer of 1886; a report upon the Buffalo-gnats and 
a report upon native plums and their influence upon the Curculio 
question. Bulletin 15 is devoted to matter concerning the Icerya 
or Fluted scale, known as the Cottony Cushion-scale of California, 
supplementary to that published in the Annual Report for 1886. 
Bulletin 16 contains a bibliography of the entomological writings of 
Dr. A. S. Packard, an agent of this division, and one of the inor^t 
voluminous of living writers in entomology. 

The increased funds at the disposal of the division have permitted 
the re-appointment of some of the field agents who were furloughed 
on account of the reduction of tlie appropriation for the fiscal year 
1886-87, and increased efficiency^ is the result, and tlie work of the 
division has never been more satisfactory than at present,. 

The correspondence of the division has increased even over its for- 
mer large proportions, and it has become a serious question how to do 
it full justice without allowing it to seriously interfere with the special 
investigations being made. Over three thousand letters have been 
answered, and when it is remembered that each letter requires more 
or less research and consultation with the collections and with the 


literature of the subject, an idea of the time expended in this part of 
the divisional work can be gained. 

The work of the apicultural experiment station has been carried 
on in the same lines laid down in my last report. For convenience 
in obtaining supplies, and for other reasons, the station has been re- 
moved from Aurora, Ilk, to Hinsdale, 111. The work has consisted 
of the study of the various kinds of diseases to which bees are' sub- 
ject, including an inquiry into the causes of disease and application 
of suitable remedies. The work in this line of investigation has been 
singularly successful and satisfactory. Suitable fixtures have been 
devised and constructed for securing the benefits resultant from 
selective breeding by means of skillful crossing of the diff erent races 
of bees, and persistent effort has been made to secure the control of 
the process of reproduction. This feature of the work has been only 
partially successful, owing to the prevalence of a drought of unpre- 
Ted' duration and severity, but much information of scientific 
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value has been obtained which will be of practical service under 
more favorable and normal climatic conditions. 

Some progress has been made in testing the qualities and character- 
istics of some varieties of ancestral stock, and the results attained 
furnish encouraging assurances of what may be realized in the future 
in producing a variety of bees completely adapted to domestication 
under the varied conditions existing in different parts of the United 
States. Information concerning the wintering of bees, the values of 
different varieties of bee-forage plants, etc. , have been obtained, and 
will have place in the reports of the agent in charge. 

SILK. 

There is no experiment, with the exception of those prosecuted in 
the manufacture of sugar from sorghum, to which I have given more 
thought during the year than to that now being conducted in the 
Department in the reeling of silk. Congress has been liberal in its 
assistance in this direction, and every energy has been put forth to 
solve the problem of the successful and profitable reeling of American 
cocoons. 

The silk industry is one which well deserves most careful and 
intelligent thought. The raising of the cocoons depends upon no 
particular financial, commercial, or agricultural condition. It re- 
quires no capital, no factory, no skilled labor; the food upon which 
the worms feed matures soon after the winter^s snow and spring 
rains, and is unaffected by the droughts of summer and unattended 
by diseases; and, above all, it is a work which may be carried on at 
the humblest cottage by the children, the women, and the aged of 
the family, and it offers a clean, pure, and interesting employment 
to those who would otherwise be unemployed at the rural home. 
The question then is, can it be made a profitable employment? Will 
there be the incentive of a market for American-grown cocoons? 
The experiments conducted during the year here, and those which 
I hope are to follow them, are to decide this important problem. 

Already one question seems to have been decided which will be a 
source of national pride and patriotic congratulations, and will also 
abundantly repay the country for the outlay thus far made. For 
general operatives I have employed American girls. They were* 
inexperienced and had never handled silk cocoons. A large portion 
of time has therefore been consumed in training this force in the 
requisite alertness and accuracy, but this has been deemed wise, be- 
cause I had in view the promotion of a staff of American operatives 
thoroughly conversant with the trade, and therefore the sacrifice 
seemed justifiable. Of course, immediate return by v/ay of profit 
could not be expected under such conditions, but I have the verbal 
admission of Mr. Serrell, the inventor of the reels with whicli I am 
now experimenting, after comparing the results obtained in one of 
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the processes of reeling^ that the operatives in Washington can do 
twice as ranch work in a given time as the same number employed 
in the south of France. 

This admission is fully corroborated by other evidence in my pos- 
session. An agent of the Department has examined into this mat- 
ter this summer, and found in a large Italian establishment which 
he visited that there were employed a great number of very small 
girls, who received but about ten cents per diem. But it is gener- 
ally conceded that the expense of watching and superintending these 
children more than counterbalanced the Ioav price of their labor, 
even if the damage done through their lack of experience were not 
considered. He reports to me that, after full examination, it is his 
lirm conviction that the superior intelligence of our American girls 
and their superior manner of living will overcome, in silk reeling, 
as readily as any of the other trades, the difference in the cost of 
labor between Europe and America. 

At the same time it is too early yet to place entire reliance on this 
superior American intelligence; and these remarks would not ac- 
complish their end if they were construed to mean that our superi- 
ority in this quality should outweigh the centuries of experience 
possessed by the French and Italians. To gain a like experience has 
been the chief aim of my assistants, with a view to making us ulti- 
mately independenl: of foreign experts. 

One difficulty encountered has been the inferior quality of the 
cocoons purchased, many of which, though originally of excellent 
quality, have been ruined by improper stifling, or allowed to mold 
through negligence. That this difficulty is abating is shown by the 
superior results obtained from the crop of cocoons produced this 
year over those produced in 1886. It must not, however, be inferred 
that much does not remain to be done in this direction, for much 
may be gained by the establishment of purchasing stations which 
shall be feeders to the Washington filature, and where cocoons may 
be purchased when fresh and stifled and dried in large quantities 
and by improved methods. In fact, much surprise has been ex- 
pressed by the French reelers at the results which we have obtained 
by the reeling of mixtures of many small lots stifled by many differ- 
ent processes. 

There were purchased, of the crop of 1886^ 1,513 pounds of cocoons, 
of an average value of 95^ cents per pound. Of these, 1,062 pounds 
were reeled and produced 260 pounds of silk, worth $4.75 per pound, 
while the remainder has been sold as waste at 50 cents per pound. 
From these figures it may easily be deduced that the experiments 
are not by any means paying expenses, but that is a result which can 
hardly be hoped for with a plant so small as that employed here. 
We hope, however, to gain, in another year’s experience, indicatioiis 
of what could be done if working under factory conditions. 
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Wliat leads me to be more hopeful in this respect is the fact that 
Mr. Serrell has so improved his reels as to do away with much of 
the liand labor incident to the apparatus which we are now using, 
this hand labor having been found extremely tedious and expensive. 

, I have already perfected arrangements by which the Department is 
to be allowed to construct and operate some of these improved ma- 
chines, and I am now having drawings of them prepared witli this 
object in view. By their use it is hoped to double the output with- 
out increasing the force employed. These machines will probably 
have been put to a very thorough test before the publication of my 
next annual report, and I hope at that time to be able to make some 
definite statement regarding the probable success or non-success of 
the industry in the United States. 

In addition to the experiments already recited, others have taken 
place at Philadelphia under the direction of the W omen’s Silk Cult- 
ure Association of the United States, and a report thereon has been 
submitted to me, in accordance with law. This report will, pursu- 
ant to the direction of Congress, be transmitted to that body at the 
proper time. 

DIVISION OF STATISTICS. 

The work of collection and co-ordination of the facts of agriculture 
in this country and, in a more limited sense, throughout the world, 

• has progressed successfully during the year. The application of 
statistics to business furnishes the balance-wheel which regulates its 
operations. It is the guide of the legislator, the counselor of the 
merchant, and the friend of the farmer. It suggests what to plant 
for profit and how much will fill the demand; it detects the erroneous 
practice and points out the more profitable method. Its uses in this 
division are in the interest of accuracy and truth, the improvement 
of American agriculture, cheaper production, and more economy in 
distribution. 

The yearly development of agricultural statistics, under national 
authority and voluntary organization, throughout the world, is open- 
ing new fields for collection and enlarging the accumulating stores 
which furnish material for the use of this division. Much has been 
done during the past year in classifying and systematizing the rec- 
ords. A comprehensive plan of indexing statements and facts for 
easy reference is in operation, calculated to save much time that 
might bo wasted in fruitless research, and increasing greatly the 
possibilities of prompt and efficient service. 

The facts of agricultural production, foreign and domestic, in this 
as in former years, point to large yields where labor is high and 
economy compulsory, and low rate of production where land is cheap 
and abundant. It exhibits the anomaly of large production on old 
lands of moderate original fertility and small yields on rich and virgin 
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soils, and hints at rewards of skill and applied science and the pun- 
ishment of negligent and superficial cultivation. One year with 
another, statistics show that the new lands of America a.iid Australia 
yield per acre only about half as much as the sands of Holland and 
the English lands that have had centuries of cultivation, and that 
the richer the soil the swifter the decline in yield, in some cases, be- 


cause weeds the sooner smother the wheat in the absence of cultiva- 
tion. In accord witli this fact, census and crop rejiorts show a better 
average yield in the principal winter- wheat regions than in the spring- 
wheat districts, in the old lands thaiirin the new, in the domain of 
rotation and fertilization than in that of primitive wheat-growing. 

The effective force of this division usually includes about sixty 
persons in the Department, over twenty-three hundred county corre- 
spondents, each having at least three assistants, and State agents, 
with some thousands of their reporters. Our foreign service is 
under the direction, as heretofore, of Mr. E. J. Moffat, the deputy 
consul-general at London, who has authority to employ the consular 
resources of this Government in Europe, and the aid of European 
statisticians and experts in agricultural and commercied informa- 
tion, for the purposes of his statistical investigation, which relates 
primarily to those products in which the United States may have a 
competitive interest. 

The printed reports of the division for the year include an annual 
report and eleven special reports, making about eight hundred pages. 
The miscellaneous manuscript reports, 'statements, and letters com- 
prise thousands of manuscript pages. 

The crop-reporting system of the Department is not a census, 
which would be an impossibility. The units of a ‘crop can not be 
counted till grown, and a veritable count would be useless because 
too late. Crop reporting is counting in advance by instantaneous 
generalization. Is it worthless, as some pretend? Fortunately there 
are a few tests available. There is one crop, cotton, that is enumer- 
ated quite accurately. The record of the ISiatioiial Cotton Exchange 
furnished in September, 1887, of the actual growth of 188G was 
6,443,000 bales. The estimate of the Statistician of this Department 
was just 17,000 bales more, and that of the exchange 40,000 bales 
less. Either is a wonderfully accurate forecast. The Department 
estimate exceeded the recorded yield by seven ounces of lint per acre. 
For three years past the forecast has been nearly as close. The 
wheat estimates for six years make an average of 439,274,270 bushels; 
the consumption, on the basis of 4|- bushels per capita, the actual 
exportation, and the seed, together required 440,735,346 bushels, ' 
showing an excess over estimates of nearly a fourth of a million 
bushels per annum. It may not be possible always to make so close 
a forecast; in the minor crops discrepancies occur; but the continued 
and pronounced success in the principal crops shows what can be ac- 
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complislie^i under a system which, is now coming into use through- 
out the world. 

The production of the present year is not quite up to the average 
rate of yield. The crops which are notably deficient are corn and 
potatoes^, both affected very seriously by the severe drought in the 
West. Cotton was also reduced by seasons characterized by great 
extremes of moisture and of inequality of temperature, which j’e- 
duced vitality and decreased the rate of yield. Hay is another im- 
portant crop which suffered from drought in a large district in the 
West, though abundant elsewhere. The cereals were generally 
harvested before the severity of the drought was felt, and made 
nearly average yields. 

The indications of condition and rate of yield point to a corn crop 
of about 1,456,00(1,000 bushels. The area planted was expected in 
July to produce more than 2,000,000,000 bushels. Six of the past 
seven years have had crops under average. The average for 1881 to 
1886, inclusive, was 24 bushels per acre, while that from 1878 to 1880, 
inclusive, was 27. 6 bushels per acre. Though it is not probable that 
a periodicity of fat and lean years in corn production exists, this 
marked difference must be due to meteorological influences which 
it would be interesting and instructive to know definitely. The 
rapid increase of acreage, however, prevents a decrease of absolute 
product, the six bountiful years showing an average of 1,434,000,000 
bushels, and the lean years making an average of 1,639,000,000 
bushels. 

The wheat yield is slightly below that of last year, but with in- 
crease of area the season will aggregate about 456,000,000 bushels. 
The oats crop amounts to 669,000,000 bushels. Barley, rye, and 
buckwheat are nearly medium crops. 

The minor crops of the country have been generally productive in 
a moderate degree. 

There has been a serious failure in potatoes, the product being 
about 134,000,000 bushels, at the rate of 56 bushels per acre, as Iowa 
rate of yield as has ever been reported, 1881 having nearly the same 
average. 

The cattle of the country have been decreased by losses on the 
plains and in the mountains, and flocks of sheep are reduced from 
the discouraging effect of low prices, but the statistical position 
renders almost certain an increase in the value and profit of meat 
production. 

An important feature in the current work in this division is the 
preparation of a series of charts and maps to show tiie geographical 
distribution and limitation of important crops. Thei e has been fre- 
quent inquiry for such graphic illustrations in various iines of agri- 
cultural statistics, and it is very desirable to extend the work of the 
division in this direction. 
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Another line of statistical investigation of the highest importance, 
for which Congress is asked for a special appropriation, is a thorough 
statistical survey of the Territories and States of the Rocky Mount- 
ain region. There has been much done by the General Government 
to indicate the wealth of minerals beneath the surface, but nothing, 
except from the pittance available from the regulation ajDpropria- 
tion, for collection of statistics of agriculture, for the description of 
the magnificent agricultural resources of this great continental area, 
and the exact results attained thus far in their development. With- 
out it, a close approximation of the rapid changes occurring in the 
cattle husbandry, wool growing, in irrigation and other improve- 
ments, in the introduction of new grasses and various plants, can 
not be made. This region is destined to achieve a progress that few 
at present realize as a possibility. It is a district comparatively 
neglected, and reasonable complaints of such neglect are not unfre- 
quently made. 

I desire in this connection to make public acknowledgment of 
obligations, personal and official, due and gratefully tendered to the 
public-spirited and intelligent farmers who constitute the Department 
corps of crop reporters. They stand as a guard of honor over the 
interests of the great class which they represent, in opposition to reck- 
less and irresponsible misstatement of crop prospects for private 
speculative purposes. They realize that the exact truth, if it can be 
ascertained, is best for the interests of all, ajid that an inaccurate 
statement destroys public confidence and recoils upon its prepetra- 
tors. They are deserving of the gratitude and respect of the nation 
for their freely given and unremunerated labors. 

The Statistician of the Department of Agriculture, Mr. J. R. Dodge, 
a member of the International Statistical Institute, was designated 
as the representative of the Department, in accordance with pro- 
vision made by the last Congress for such representation, at the first 
biennial meeting of the institute, which convened in Rome, Italy, 
on the 12th of April, 1887. This body was organized for the devel- 
opment of the progress of administrative and scientific statistics 
throughout the world, and is limited to 150 members, at present com- 
prising little more than half that number. It seeks to secure greater 
uniformity in the schedules for statistical returns of different coun- 
tries, to unify international methods in statistics, and to render com^ 
parable statistical results of different countries. It intends to pre- 
pare international publications in elucidation of statistical questions, 
and to invite the attention of governments to the questions to be 
solved by statistical investigation. 

The Italian Government co-operated generously in making the 
sessions of the institute profitable and agreeable. The status of 
landed property, the methods of census enumeration, questions of 
economic and social statistics, and statistics of labor occupied a large 
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share of the time of the session, and work in several directions was 
initiated for the ad interim service of several committees. 

A further commission was for the investigation of the methods of 
national bureaus of statistics, and a collection of all available pub- 
lished results of their work in Koine, Paris, Vienna, Berlin, The 
Hague, Brussels, and London. The time occupied, ten weeks, though 
too short, was sufficient for accumulation of much valuable informa- 
tion and large accessions to the official literature necessary for daily 
reference in the work of the division. 

DIVISION OF CHEMISTRY. 

The line of investigation undertaken by this division in food analy- 
sis and methods for the detection of food adulteration has been con- 
tinued and supplemented, and now includes the following classes: 

(а) Dairy products . — The investigations of the different constitu- 
ents of milk and butter, and butter substitutes, have been continued, 
and the results have been published in Bulletin 'No. 13, Part I, A 
new apparatus for the determination of fat in milk has been tested 
and found to be exceedingly efficient, permitting a larger number oi 
analyses to be completed with equal accuracy in less time than by 
any other method. This instrument is the lactocrite. It effects the 
separation by centrifugal force. From its simplicity and rapidity 
of manipulation it would form a valuable addition to the plant of 
large dairy farms, where it is desirable to perform a large number of 
tests in a day. 

(б) Spices and condiments . — The work mapped out during the past 
year for an exhaustive examination of this very largely adulterated 
class of foods has been brought to a close and embodied in Bulletin 
No. 13, Part II. 

(c) Commercial fertilizers . — As in the preceding three years, the 
Association of Official Agricultural Chemists received the hospitalities 
of the Department of Agriculture, and their fourth annual conven- 
tion was held in the library of the Department during the past sum- 
mer. The analytical methods and details of manipulation adopted by 
this body for the analysis of commercial fertilizers and agricultural 
products have been published in Bulletin Ho. 16, and some of the ana- 
lytical experiments for verifying the methods adopted were per- 
formed by this division. ’ 

{d) Fermented alcoholic beverages. — Pursuing the investigation oL 
foods and food adulterants, the scope of examination was extended 
to wines, fermented and malt liquors, and ciders. The report con- 
taining the analytical data and their discussion is now in press and 
will shortly be issued as Bulletin Ho. 13, Part III. 

(e) Coffee^ tea, and chocolate.— Ilo ascertain the nature and extent 
of adulteration practiced in the preparation of the above-named arti- 
cles for the market, a large series of analyses has been commenced, 



26 EEPORT OF THE COMMISSIOlSfEB OP AGRIOTJLTTTBE. 

and will be continued, and it is hoped that valuable data will be ac- 
cumulated for future publication. 

(/) Baking powders and bakers' chemicals . — An investigation into 
the composition and value of the vaidous brands of baking powders 
found in our markets has been commenced, but the work is not yet 
sufficiently advanced to warrant any conclusions. 

Sugar experiments, as in former years, have been extensively 
undertaken and require a detailed statement of work conducted at 
Fort Scott, Rio Grande, and Magnolia Plantation by the Depart- 
ment. 

This statement will be published as a special bulletin. 

The number of miscellaneous samples submitted during the past 
year has been exceptionally large, comprising waters, minerals, fertil- 
izers, ores, lignites, analyses of plants and parts of plants, and many 
other articles of general or particular interest. 

DIVISION OP BOTANY. 

* 

The work of the division of botany has been vigorously prosecuted 
"during the year. Its correspondence is constantly increasing, relat- 
ing to grasses, fibers and fibrous plants, medicinal plants and pro- 
ducts, new species for cultivation, weeds and means of eradicating 
them. A bulletin concerning Southern grasses has been issued and 
widely distributed among Southern farmers and stock-growers. An 
investigation of the grasses and forage j)lants of the arid districts of 
Texas has been conducted by an agent, and a large amount of infor- 
mation has been obtained. 

Another agent has performed a similar work in Arizona, Nevada, 
and Utah, making a collection of about two hundred species of grasses 
and forage plants having more or less agricultural value. Through 
these investigations our knowledge of the vegetation of the arid 
regions has been much increased, particularly in regard to those 
plants which have been found useful among stock-growers. 

A question of the greatest importance for the arid districts of the 
West and Southwest is that of securing an increase in the gracing 
capacity of the lands through the introduction of new grasses and 
through cultivation. I desire first to obtain a thorough knowledge 
of the natural grasses and plants v/hich are utilized by horses, cattle, 
and sheep, as to their abundance, choice of soils and locations, their 
size and vigor, and their comparative nutrition. Them there should 
be instituted in suitable localities a thoroughly conducted series of 
experiments with all the promising species of the region itself, and 
of such other kinds as have been found useful in similar locations in 
other countries. ' To this end I shall invoke the aid of the experi- 
ment stations connected with the agricultural colleges of the region 
interested. It is, however, a question whether more good would not 
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be accomplished in a shorter time in a few stations established for 
this express purpose. 

There yet remains considerable territory to be explored with ref- 
erence to the native grasses, and a continuation of the appropriation 
for grass investigation is earnestly recommended. 

About 6,000 specimens of plants have been mounted and added to, 
the herbarium during the year, and 36 packages have been distrib- 
uted among agricultural colleges and institutions, and to individuals 
for exchange. The herbarium serves a double purpose. It is neces- 
sary for consultation and comparison in determining the names of 
specimens which are the subject of inquiry and investigation, and it 
is highly important in a scientific point of view, as being a repository 
of botanical specimens of the productions of the country. A large 
majority of all the known plants of this country are already repre- 
sented in the herbarium. But it is still deficient in the plants of 
many sections, mainly in such kinds as are strictly local and re- 
stricted in their range and not obtainable through the ordinary 
channels. 

For the past ten years there has i)een no botanical work performed 
in connection with the Government surveys. Previously it was the 
practice to have naturalists connected with the surveys and explora- 
tions, and the botanical collections made by them were finally de- 
posited with the Department of Agriculture. In this way the 
herbarium was enriched, and a stock of duplicates for distribution 
was accumulated. Since the abandonment of natural historv in the 
surveys, the enlargement of the herbarium has depended on a small 
annual appropriation for this purpose. There is now urgent need 
for more Government aid in the prosecution of botanical work. The 
Government herbarium should be made to contain a complete repre- 
sentation of all the plants known to grow within the limits of this 
country. It also needs the services of specialists in the elaboration 
of certain orders. Therefore, for its improvement in the directions 
mentioned, and to make it more useful to science and to practical 
agriculture, I recommend that the appropriations for this division 
be suitably increased and that an increase be made in the working 
force. 

SECTION OF VEGETABLE PATHOLOGY. 


To the section of vegetable pathology are referred for investiga- 
tion all questions relative to the diseases of fruits and fruit trees, 
grains, and other useful plants, due to parasitic fungi, which are 
familiarly termed ‘^^rust,” ^^smut,’’ mildew,’’ blight,” ^G"ot,” etc. 
In accordance with my recommendations to Congress at its last ses- 
sion, this section was regularly established by law, provision was 
made for a chief of section, with an assistant, and a small appropria- 
tion, necessary for the prosecution of its work, was granted the De- 
partment. 
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Throughout the year the duties of the section have been carried 
forward energetically, and its published reports have met with the 
heartiest approval of fruit-growers and farmers. The constantly in- 
creasing correspondence of this section clearly demonstrates the ap- 
preciative interest taken in its work. 

The report on the fungus diseases of the vine, referred to in my 
last report as being in preparation, was published in December, and 
its favorable reception by the public press and by grape-growers all 
over the’ country give assurance that it has been the means of ac- 
complishing much practical good. The first edition of this report is 
now nearly exhausted, and I hope to be able to prepare a second and 
enlarged edition, which shall embrace the discoveries made during 
the present season and combine the results of the recent French in- 
vestigations, both upon the diseases of the vine and the efforts which 
have been made in France to combat them. 

During the jDresent season the French Government has sent to this 
country a special commissioner for the purpose of investigating our 
methods of viticulture and the fungus diseases to which our vines 
are subject. All possible facilities for the furtherance of his work 
have been afforded this commissioner through, the section, and the 
most cordial relations have been established between those now spe- 
cially engaged in investigating diseases of the vine in France and in 
the United States, which will doubtless result in good to both coun- 
tries. The chief of the section has visited the more important vine- 
growing regions of the United States, in company with the French 
agent, and a full and complete report covering the entire subject of 
vine diseases is expected as the result of the investigation made. 

A new disease has appeared in the vineyards of California, and in 
response to requests for its investigation I have directed an agent to 
visit the infected districts and to investigate this malady, in the hope 
of protecting the vine-growers of the State from the threatened de- 
struction of their vineyards. 

Special experiments in the treatment of grape mildew and rot have 
been made in a number of vineyards especially selected for the j)ut- 
pose, with the view of determining the relative efficacy and cost of 
the several treatments suggested. The data thus gathered have led 
to some valuable conclusions, and will be of the utmost service in 
conducting future operations. 

Early in the season a circular giving formulae of the most ap- 
proved remedies for mildew and rot of grapes was widely dis- 
tributed, and many responses giving results of experiments have 
been received. It has been demonstrated by these operations that, . 
in order to obtain the best results in experimenting with remedies, 
the work should be done immediately under the direction of a per- 
son thoroughly conversant with the nature and habits of the fungi 
to be treated, and who can remain in the field and daily watch the 
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results^ and thns save time and obviate the danger of drawing false 
conclusions. One false deduction tends to destroy public confidence 
in all work of this kind. By securing, either through purchase or 
rental, a small vineyard, wherein experiments could be made under 
the immediate and constant supervision of a competent officer, the 
Losses which might occur through some trials would not fall upon 
individuals, and all the results obtained could be published with that 
official warrant which would inspire the confidence of all interested. 
The extent of the losses occasioned by fungus parasites certainly 
calls for the exercise on the part of the G overnment of every possible 
effort to discover certain means for their destruction. 

The question of the application of remedies has been a serious 
one, and doubtless some of the failures’ in the trials already made 
havB been due to the use of improper methods. It was soon discov- 
ered that American machines for making the applications were far 
from satisfactory. They were either too cumbersome, or the labor 
involved was too fatiguing, or they were too wasteful of the mate- 
rials used. . For several years past special efforts have been made 
in France towards perfecting spraying appliances and bellows for 
the application of liquids or powders in combating the downy mil- 
dew of the vine by exhibitions and special premiums, resulting in 
the attainment of a high degree of perfection. Some of the most 
improved patterns have been imported for use in experiments. A 
report covering this branch of the subject is now in preparation. 

Although many able papers have been published on the subject of 
peach yellows, and several observers have, made careful scientific in- 
vestigations of this very important but still obscure disease, the 
results so far obtained are far from conclusive as to its cause, possi- 
ble remedy, or means of prevention. A special agent, to act under 
the direction of the chief of the section, has been commissioned to 
make a thorough investigation of this subject and to endeavor by 
every available means to settle beyond further doubt the question- 
able points. This work is progressing very satisfactorily, and ex- 
tended investigations have been in progress since the 1st of July iji 
eastern localities, where the orchards have suffered most from the 
disease. 

Early in the year a circular of inquiry relative to facts bearing 
upon the subject of potato rot was distributed throughout the coun- 
try, and the extent and value of the information gained thereby was 
most satisfactory. The work of compiling the information thus 
acquired has been completed, and this material will form the basis 
of a report on this subject now in preparation. A map has been pre- 
pared which shows the distribution and severity of the disease in all 
parts of the country for a given year. 

Other papers in the report of the section for last year relate to 
certain fungus diseases of the vine and their treatment, celery-leaf 
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blight, orange-leaf scab, a disease of orchard grass, and pear blight„ 
A report on the powdery mildew of the gooseberry, or ^'gooseberry 
blight}^’ ha^ been prepared and is nearly ready for publication. Ar- 
rangements have been made for a report on the "smnt and mst of 
Indian corn.’’ Throughout the season the section has been collect- 
ing material for a report on the apple-scab fungus, which is so wide- 
' spread in this country and often does such damage. 

DIVISION OF OABDENS AND GROUNDS. 

The introduction, propagation, and distribution of desirable use- 
ful plants is a leading function of this division, in the exercise of 
which, since the organization of the Department, good results have 
"been accomplished. It has distributed many things which have 
been of great and acknowledged value to the country^ and the ex- 
perience gained in testing the hardiness and other qualities of plants 
previous to their general distribution has been the means of acquir- 
ing useful preliminary knowledge of their requirements, so that the 
Department could judge with much accuracy the climatic conditions 
under which they will prosper. 

The conditions necessary to their full utilization, independent of 
climate^ are also closely studied, so that the requirements for ultimate 
success and the probabilities of failure are alike ascertained to a degree 
which prevents at least costly failures during the experimental pro- 
cess of testing the j)racticability of new or untried industries. Tea- 
plants are still propagated and distributed, although there is no 
present prospect of the profitable production of tea as an article of 
commerce. There are many reasons why tea-culture can not be made 
profitable here in (competition with other countries where the condi- 
tions for success are more favorable; but the principal drawback is 
the want of sufiicient rain-fall during summer, which prevents the con- 
tinuous successive growth of succulent leaves. But there is no reason 
why the culture of a few plants, enough for domestic use, may not 
become general wherever the plant will endure the climate. It is the 
object of the Department to encourage tea-culture to this extent, as 
there is no uncertainty about securing a good spring crop of leaves 
wherever the plant fiourishes. Lately a large number of plants have 
, been distributed throughout the State of Florida, and where the plants 
have been set in moderately rich, moist soil their growth has been 
satisfactory. 

The camphor tree of Japan is being distributed in the Southern 
Stat ;es, but mostly in Florida, with the view of its employment as a 
shade and for planting as a protection for fruit orchards and groves. 
It is an evergreen tree, of rapid growth, and attains a considerable 
size. Its timber is of special value for certain purposes, such as for 
cabinets, where the presence of insects is not desirable, as they dis^ 
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like the odor of the wood; and the sublimation of camphor from the 
branches and twigs may become a matter of experiment. 

The efforts of the Department for more than twenty years have 
been directed to the introduction and popularization of the culture of 
Japan persimmons^ and they have been successful in attracting the 
attention of commercial cultivators to the value of this fruit as a mar- 
ketable commodity. Much interest is now felt in its production, and 
the demand for plants, formerly wholly supplied by the Department, 
is now fully met by nurserymen, who propagate the plants for sale. 

The successful culture of the European grape has hitherto been 
limited to regions west of the Rocky Mountains and mainly near the 
Pacific coast line. Of late years vineyardists in Texas and Florida 
have been encouraged from the results of experiments made to enter 
vmore largely into the culture of the foreign grape. The Department 
has therefore prox>agated and has now ready for distribution a con- 
siderable number of plants of the best varieties of these grapes, with 
a view to render these experimental tests more general throughout 
the regions alluded to. 

The demand for tropical and semi-tropical plants for experiment, 
in the warmest portions of the Southern States increases with the 
population. Especially is this applicable to Florida, whence ap- 
plications for numerous strictly tropical species are constantly re- 
ceived. The Department endeavors to meet all reasonable demands 
in this line, and has under process of propagation various plants 
which may ultimately prove useful in that State. 

DIVISION OF ECONOMIC ORNITHOLOGY AND MAMMALOGY. 

The work of this division yluring the past year, as heretofore, has 
consisted chiefly in the collection of facts showing the relation of 
birds and mammals to agriculture, horticulture, and forestry, and in 
the preparation for publication of two important bulletins, namely, 

(1) on the English sparrow, and (2) on bird migration in the Missis- 
sippi Valley. The general interest in these bulletins is shown by 
hundreds of applications for them received at the Department in ad- 
vance of their publication. 

As stated in my Annual Report for 1886, circulars and, schedules 
asking for information in regard to the English sparrow were distrib- 
uted by the division in 1885 and 1886. Replies were received from ~ 
more than 3,000 persons. The information contained in these replies 
has been arranged for publication under seven different heads, as 
follows : 

(1) Time and manner of first appearance of the English sparrow; 
present abundance and apparent rate of increase ; kind and degree of 
assistance and protection afforded or withheld by man. 

(2) Relation of the sparrow ,to other birds. 

(3) Injury to trees or vines. 
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(4) Injury to fruits and garden vegetables. 

(5) Injury to grain. 

(6) Relation of tbe sparrow to injurious or other insects. 

(7) Methods of restriction ; suggestions for extermination ; misceh 
laneous information. 

The introductory portion of the sparrow bulletin contains a syn- 
opsis of the principal facts brought to light by the investigation, 
together with deductions from the same, and suggestions to legisla- 
tive bodies and to the people in regard to the best methods of abat- 
ing the sparrow scourge. 

The collection of material relating to the destructive ravages of 
rice-birds has continued, and a few experiments have been made with 
live hawks for the purpose of frightening the birds from the fields. 
These experiments have been only partially successful, owing chiefly 
to the fact that the Department was unable to secure the services of 
an experienced falconer to train the hawks and take charge of the 
experiments. One fact, however, was demonstrated, namely, that 
rice-birds will not come near a live hawk, even when resting on a 
stake ; and when in motion the hawk is effective at much greater 
distances than when at rest. There can be no question ,that hawks 
trained to fly about the fields would keep the rice-birds off, and the 
expense would be less than that of the present system of ^^bird 
minding.’’ 

The inquiry concerning the food habits of the crow, the various 
blackbirds or grackles, and several other species of special economic 
importance has resulted in the accumulation of so much information 
that special bulletins on these subjects will be published as soon as 
the material in hand can be properly arranged. 

One of the most important branches of investigation undertaken 
by the division is the critical examination of the contents of stom- 
achs, gizzards, crops, and gullets of birds. The elaboration of this 
material is a slow process, requiring much technical knowledge, as 
well as patience, on the part of the investigator. A single stomach . 
sometimes contains representatives of several of the primary divis- 
ions of the animal kingdom. For instance, a hawk’s may contain 
at one time the remains of a meadow-mouse, a sparrow, a snake, a 
frog, a grasshopper, an earth-worm, and a snail — representatives of 
the seven primary groups, mammalia, aves, reptilia, batrachia, 
arthropoda, vermes, and mollusca. 

During the past year an assistant ornithologist has devoted most 
of his time to the study of the food material found in the stomachs 
of hawks and owls, of which the di\^ision now has upwards of five 
hundred. A brief statement of the contents of each stomach is made 
on a card prepared for the purpose, and these cards are arranged 
under species. The results of this investigation will be published in 
a special bulletin. 
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The expenditure of large sums of public money in bounties on mam- . 
mals (known or supposed to be injurious) in, several of the States and 
Territories attests the urgent need of the investigations now in pro- 
gress in the Department upon the food habits and distribution of the 
various species and the best methods of destroying the injurious 
kinds. In Montana alone, during the present year, more than $50,000 
was expended in bounties on prairie-dogs and ground-squirrels in 
about six months (from March 5 to September 12, 1887). It is stated 
that this bounty act exhausted the treasury and was running the 
Territory in debt, when the governor, with the permission of the 
President, called a special session of the legislature and repealed the 
law. 

THE SEED DIVISION. 

% 

Very little need be said in reference to the work accomplished in 
,the seed division, except to corroborate the fact that the reforms in- 
augurated at the beginning of my term of office have proved to bo 
highly satisfactory, and judging from the unusual number of re- 
ports received, the seeds sent out during the present year have been 
exceptionally noticeable for their vitality and excellence of quality. 

A more efficient system of reports has been adopted, and the re- 
plies indicate more fully than heretofore the special fitness of the 

numerous varieties for the localities in which the seeds have been 

/ 

tested. Tha system by which they are now purchased, a special 
guaranty being required from the parties from whom the purchase 
is made that the seeds shall not only be true to name, of good ger- 
minating quality, cleaned with extra care, so as to be both free from 
weed seed or eggs or larvae of injurious insects, and the strict and 
close test to which they are subjected before payment is made for 
' them, accords with the more perfect business system which has been 
adopted in the seed division. 

The law establishing the Department of Agriculture clearly states 
that the purchase and distribution of seed shall be confined to such 
seeds as are ^^rare or uncommon to the country,’’ or ^^such as can be 
made more profitable by frequent changes from one part of our own 
country td another.”' The primary object of the distribution is to 
give increased value to production, to ascertain the best geographical 
distribution of varieties, and to introduce them more rapidly into 
the localities to which they are best adapted. The value of this in- 
terchange of seeds is greatly underestimated. Every plant has a 
natural habitat, which is limited in extent, and it is an established 
fact that when an attempt is made to grow it elsewhere it soon dete- 
riorates and requires renewal from seed grown under the conditions 
of soil and climate most favorable for its perfect development. 

This is not only true of grain, but applies to a larger extent to 
garden vegetables. This statement is corroborated by the large 

' AG 87 3 
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number of reports of experiments with the seeds sent out by this 
Department during the past two years. The remarkable yields 
reported must be mainly attributed to the use of fresh seed grown 
in localities where each variety attains its highest perfection. 

A diminished production should not always be attributed to the 
deterioration of the soil alone, and the facts on record in this Depart- 
ment show that the introduction of seeds from regions where they 
attain the greatest perfection has been of much importance to the 
country. In no way is this fact so forcibly impressed upon farmers 
as by furnishing them such seeds, for they will then be convinced by 
personal experiment. Every farm upon which these seeds are tested 
becomes an experiment farm so far as that j>articular product is con- 
cerned, if the farmer is intelligent and of an observing turn of mind. 

While only a small quantity of any variety of seed was formerly 
sent to one locality, now, instead of eight or teq varieties, not less 
than forty or fifty varieties are distributed in every Congressional 
district by the recently much improved system of distribution. The 
advantage of the test of so great a number of varieties must be ap- 
parent. By care on the part of the recipients to save and exchange 
among their neighbors seed of any choice varieties of grain or vege- 
tables, the entire section of country can soon be supplied, and the 
increase in yield and quality may greatly , enlarge the value of farm 
products. 

Several new and valuable seeds have been introduced from foreign 
countries and distributed during the fiscal year ending June 30, 
many of which are likely to. prove of great value to the agricultural 
interests; among these are Egyptian clover (Trifolium alexandri- 
num), procured through the United States consul at Cairo, Egypt, 
and which it is thought may be a valuable addition to our forage 
plants in certain districts which are subject to protracted dix^ughts, 
as in the Southern and Southwestern States, and also in the arid dis- 
tricts of the West, The seed has been distributed to various farmers 
and experiment stations for trial, and the results are being awaited 
with much interest. 

An effort has also been made to obtain seeds of some other forage 
plants having the same adaptation, first, of spurry (Spergulai arven- 
sis)i second, of a kind of winter pea, said to be much cultivated in 
France; and third, of the lentil (Ervum lens), which is cultivated in 
the south of Europe. Wheat has also been received from Italy; red 
and white Bermuda onion seed from the Canary Islands; Abyssin- 
ian grass from the Royal Gardens, Kew, England; and potato seed 
from Belfast, Ireland. Several varieties of seed have also been re- 
ceived from the United States consuls in Mexico and distributed in 
the localities to which they are evidently the best adapted. 

Many choice varieties of tobacco seed have been received by the 
Department from foreign consuls, and promptly distributed in local- 
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ities whicli were deemed the best adapted for their successful cul- 
tivation. Among these was a variety of Sumatra tobacco, which is 
attracting unusual attention and is eagerly sought by those who are 
actively engaged in increasing the area devoted to tobacco culture 
in Florida. 

I desire again to call attention to the fact that Congressional lists 
should be furnished not later than December 15. 

The seeds, designed for distribution by members of Congress and 
to statistical correspondents, experiment stations, and agricultural 
societies in the Gulf States, Arizona, New Mexico, and California 
should be sent out not later than the middle of December of each 
year. 

The hearty co-operation which now exists between the seed divis- 
ion and the botanical, forestry, and the other divisions has been pro^ 
ductive of results which, if continued, will do much to promote the 
practical value of each to the farmers throughout the entire country. 

f 

EXPERIMENT STATIONS FOR TESTING AND DISTRIBUTING SEED. 

While I have endeavored to secure the greatest practical benefit 
to the farmers of the country under existing laws as they relate to 
the seed distribution by the Department, yet it is my opinion that 
the object aimed at could be better secured through the experiment 
stations that were provided for by law at the last session of Congress. 
It will be remembered that a bill was passed providing for an annual 
appropriation of $15,000 for the benefit of the experiment station of 
each State and Territory in the United States. The object of these 
stations is to experiment with seeds, plants, crops, fertilizers, systems 
of culture, etc. , and to determine what is best for their respective State 
or Territory. The directors of such stations ought to know which 
kinds of seeds the farmers of their State are most interested in, which 
are best adapted to each locality, what crops are most profitable to 
raise, and to direct their investigations and experiments and selec- 
tions to such kinds as their constituencies are most interested in. 

These stations are under the control of scientific and practical men, 
assisted by skilled laborers. Careful records are kept in every line 
of work, and the comparative merits of different varieties as to thrift- 
iness^ hardiness, productiveness, and general adaptation to the climate 
and soil are ascertained and published, and are considered authori- 
tative. With a little additional aid to these stations, if not already 
sufficiently provided for, to purchase seeds and plants and test the 
same for their respective localities, and to distribute the seed from 
the same after ascertaining which are of real value to farmers, S 
most beneficial work for the farmers of every State could be accom^ 
plished. The ‘stations could do the testing and experimental work 
for the whole body of agriculturists, and do it much better than 
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farmers with but poor means for conducting such experiments* rif 
this work of testing and distributing seed could be done by the sta- 
tions and tho Department be relieved of this duty, it would enable 
it to wor}?: in other directions of great importance to the agricultural 
interests of the country. It is hardly necessary to state that it takes 
much of the time of the Commissioner, and that it is difficult to 
make distribution ta give satisfaction to all parties and to all parts 
of the country. While the germ of the Department of Agriculture 
was the seed distribution, it has grown until it now reaches into 
many fields of science, and many more lie beyond which as yet it has 
not. had the time or means to enter. 

FORESTRY DIVISION. 

The limited appropriation available for this division naturally 
limits the field of its activity and the extent of its usefulness. Our 
people do not realize yet the importance of its work. There is 
scarcely an industry with which other industries of the country are 
more intimately connected than that which utilizes and manufact- 
ures the products of the forest, nor is there any other factor of clir 
matic influences within the power of human regulation more im- 
portant than the forest cover. The undeniable interdependence 
between forestry and successful agriculture calls for timely atten- 
tion on the part of the people, and especially of the Government. 

The idea of considering forest products as a crop, which, like other 
crops, can be cared for, improved, and reproduced, is still 30 new in 
our country that it seems difficult to persuade our people of its im- 
portance. When we consider the fact that this crop requires from 
twenty to one hundred years to mature, and that the sower rarely 
reaps the harvest, the comparative indifference of the grower and 
the need of stimulating reproduction are apparent. The original 
growth is being exhausted, and the new spontaneous crop, through 
the fault of man, is greatly inferior and smaller from the same area. 
Increasing needs of enlarging population can only be satisfied by 
proper care of the new crop and by increasing the crop area. 

Those engaged in the lumber industry and wood-using manufact-^ 
ures appear to be more or less unconcerned about their future sup- 
ply, either because their interests are ephemeral, or because they lack 
a definite knowledge of total present demand and total visible sup- 
plies. With information as accurate as that in regard to other crops, 
prices for wood material would quickly rise to a Jevel more ade- , 
quately representing true values. In consequence, supplies would 
•be better husbanded, more carefully protected, and more thoroughly 
utilized, and we would soon regard the forest as a valuable ^"herit- 
age, not for spoil or to devastate, but to be wisely used^ reverently 
honored, and carefully maintained.” 
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‘ ?The division has collected during the last year information in re- 
gard to the minor wood-using industries, and several reports are on 
hand for future publication. 

Bulletin I^o. 1, on the relation of railroads to forest supplies and 
forestry, has found a most gratifying attention and interest among 
railroad managers, and I am glad to see, from the demand for this 
publication, that an important class of business men of the com- 
munity have become interested in the subject and seem to derive 
tangible benefit from the work of the division. 

I urged in my last report the necessity for the Government to re- 
vise its legislation in regard to the forest lands remaining in its 
hands, especially in the mountain regions of the West. I repeat, 
that the present state of affairs v/orks injury, increasing every year, 
to the mining as well as the agricultural interests of the country ad- 
joining those mountain forests, and the special forest legislation 
recommended is demanded by the people of those regions. To serve 
as a basis for such legislation, an exhaustive report on the forest 
conditions of the Rocky Mountains has been prepared by the divis- 
ion and is about to be issued as a separate bulletin. 

In the absence of experimental grounds, without an arboretum., and 
without the aid of forest areas upon which to conduct directly practi- 
cal experimentation, the work of the division must consist mainly 
in collecting, sifting, and arranging information found scattered 
through our literature, and adding to it what may be elicited by 
correspondence.' The study of the biology of our timber trees by 
expert agents is being continued, the reports upon the most irapor- 
tant conifers being nearly ready for publication. These studies, if 
systematically and thoroughly carried on, would give answer to 
many questions of practical forestry. 

While we may go on gathering opinions, a reliable basis for forest 
management can only be derived from exact methods of investiga- 
tion. To establish the rate of growth of the different species under 
different conditions, upon which alone a true estimate as to their 
adaptability for profitable forest culture can be formed, numerous 
measurernents must be made, which are expensive. The field of in- 
quiry is large, the number of available expert observers limited, and 
the means for this work lacking. 

Another most important line of inquiry which calls for special 
attention from the division are investigations into the structural dif- 
ferences of our important timbers, and the factors influencing their 
quality. Lacking this knowledge, a good deal of useful material is 
wasted, either by being applied to purposes for which inferior ma- 
terial might have been employed or by remaining unused when it 
might have been usefully employed. 

The distribution of plants has been mainly confined to coniferous 
trees, which, while most important in forest growing, dp not fi.nd 
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favor with the larger class of planters, on account of the carp, the j 
need in transplanting and in raising from seed, and, therefore, en- 
couragement in that direction is most needed. I have tentativ-ely 
inaugurated a system by which I can supply seedlings directly from 
the nursery, thus insuring better success than could be obtained by 
trusting the seeds to unskillful treatment. 

A considerable correspondence, in replies to Inquiries, occupies 
much of the time of the office force of the division and aids in enlarging 
the interest in the subject. Thus, the division, while struggling to 
do justice to its technical needs, is called upon also to carry on amis- 
sionary work, in keeping that interest in the forestry question alive 
and growing without which a reform in the forest policy of our 
country can not be expected. I most earnestly commend this ques- 
tion to the careful consideration of Congress, and recommend such 
legislation as is demanded by the importance of an interest which 
foreign governments have long since recognized in their administra- 
tive policies, and liberally provided for. 

1 

DIVISION OF MICROSCOPY. 

The work of this division for the current year has been confined 
chiefly to microscopical investigations relating to the crystallography 
of butter, oleomargarine, and butterine, and, for purposes of com- 
parison, the fats of wild' and domestic animals. 

The object of these investigations, primarily, was the discovery of 
a ready means of detecting butter substitutes, of whatever descrip- 
tion, as manufactured or sold in violation of law; and this the Micro- 
scopist claims to have successfully accomplished. 

This investigation of butter and fats has attracted wide-spread at- 
tention and interest, which have consumed an important part of the 
time of the division in answering inquiries, furnishing information, 
etc., and have led to new fields of exploration. Examinations are now 
being made in order to ascertain whether the butter crystals of im- 
ported and registered breeds of milch cows, or of pure breeds but 
not entitled to registry under the rules of any association, so differ 
one from the other that they may be distinguished by means of the 
microscope under polarized light. The feed of the respective animals, 
in connection with the seasons, is also taken into consideration in 

^ t 

these investigations. In somex3ases marked differences are said to be 
observed, and the Microscopist will endeavor to illustrate these in a 
forthcoming report. 

The investigation of the forms of the fatty crystals of animals 
other than milch cows may prove of interest, from a point of view 
other than that connected with their possible relation to butter ; and 
a knowledge of the forms and other peculiarities of the crystals of 
the solid fats used in medicinal preparations and in lihe arts and 
manufactures may also prove of great value as a means of detect^ 
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ing adulterations in them. A large number of photogra-phs of such 
crystals have been successfully made, showing in many cases marked 
divergencies of form. At first great difliculty was experienced in 
portraying some of the important details of these crystalline bodies, 
and other difficulties presented themselves in the reproduction of the 
photographs by any of the photo-mechanical processes known, but 
in consideration of the great interest manifested in this new scientific 
work, both in the United States and in Europe, a number of artists 
engaged in photography and photo-mechanical reproduction of 
photography have each endeavored to excel in the production of 
illustrations of this work, and it is hoped that a process of reproduc- 
tion has been discovered which will enable us to fairly represent 
them and lead to a better under^standing of these crystalline types 
than has heretofore been possible. 

In addition to the work on these investigations, the Microscopist 
has been largely called upon to make examinations of butter for the 
general public and for wholesale and retail dealers in pure butter 
who frequently send samples to this division for examination l)efore 
a purchase is made. 

Dealers in oleomargarine have izi like manner submitted samples 
for examination, their object being to protect themselves and the 
public against inferior goods of this kind. 

The result of an investigation of palm fibers, undertaken by the 
division in the interests' of a branch of the JSTavy Department, will 
appear with illustrations in the forthcoming annual report. 

There have also been examined during the year the ultimate cell- 
Structure of the following class of fibers: Combed manila hemp, pure . 
manila yarn, Sisal hemp, pure Sisal twine, pure Mauritius aloe, Mau- 
ritius aloe hemp, and New Zealand hemp. This work was under- 
taken at the request of merchants, for the purpose of detecting fraudu- 
lent sales of mixed fibers of this character. 

Illustrations of their respective forms are in preparation, and will 
be photographed for public purposes. While the fibers have a gen- 
eral similarity of form, differences in their respective diameters and 
in the angles of their terminal points may afford a means of dis- 
criminating between them. 

Other investigations have been made in emergency cases, such as 
the examination of cream-puffs, confections, ice-cream supposed to 
have been poisoned, milk, drinking water, etc. 

A large correspondence has also been carried on with persons in 
various parts of the United States, Canada, and in .European coun- 
tries, in answer to inquiries relating to the general t^ork of the Mi- 
croscopist. 

POMOLOGICAL DIVISION. 

This newly established division is subserving well the purposes for 
which it was organized, and there is abundant evidence that the as- 
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sistance which it is affording to the fruit-growers, of the country m, 
stiranXating and promoting our pomblogical industry is timely, and 
that there was need of the establishment of such a branch in the De- 
partment. The division is now well under way, and it only needs a 
requisite encouragement to make it a successful and powerful aux- 
iliary to the Department, and to give it a position commensurate 
with the interests which it is supposed to foster. I am glad to note 
that the division is receiving that co-operation from our fruit-raisers 
and from our leading pomological writers which is so desirable in 
the early days of organization. I believe that the division has been 
inaugurated under favorable auspices, and I commend its future to 
the car efub consideration of Congress. 

There are statistical and practical facts to be gathered for informa- 
tion; there are new fruits to be found and distributed; there are va- 
rieties to be investigated and their characteristics described; there 
are fruits in one section which may be introduced into another sec- 
tion with profit; there are methods of culture, of pruning, of general 
training of fruit trees to be set forth; there are mistaken ideas of sites 
for fruit orchards to be corrected; there are varieties of fruits to be 
classified; the nomenclature of fruits requires attention and study; 
and, in general, there is a vast quantity of valuable information to be 
spread abroad. ■ 

The farmer who in these days of competition in one branch of 
agriculture turns his attention to another product of the farm as a 
source of profit is obeying an economic instinct and keeping step with 
the march of progress. Happily, this idea of diversification leads 
many into the line of fruit-growing. This desire to found an orchard 
on the farm, this purpose to produce fruit in greater abundance, 
should be encouraged in every way, and the latest and best informa- 
tion should be at hand for guidance in right paths and for warnings 
as against wrong ones. 

A great many inquiries of a pomological nature have been received 
from farmers and other citizens of the country and answered by 
direct correspondence where the reports of the Department would 
not give them the requisite information, and this work is steadily 
increasing in volume. 

Packages of specimens of fruits have been daily received for iden- 
tification or for comparison and study. These demand, and have 
received, the personal attention of the Pomologist, and the increasing 
amount of this work requires a corresponding increase of assistance. 
The real service already rendered in this direction is considerable, 
although it has only just begun. 

. Accurate records and descriptions are made and kept of all speci- 
mens received, and in many cases drawings and colored illustrations 
are made of such varieties as are new or of special importance. 
These are used for publication in the reports of the division, or are 
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kept for future reference. This work is of so much importance that 
the constant services of a skilled artist are necessary, and I hojDe to 
have funds appropriated for that purpose. 

The progress already made and the encouraging prospects for future 
usefulness are evidences of the wisdorn of the establishment of this 
division. 

THE DAIRY. 

The work upon matters pertaining to this branch of the Department 
has been prosecuted during the year, but under discouraging condi- 
tions. The desire has been to obtain data sufficient to make compari- 
sons of the several averages of production in the dairy States and sec- 
tions. I regret to find an indisposition, however, on the part of those 
engaged in this great industry to respond with alacrity to our requests 
for information. The dairymen in every section are seeking indi- 
vidually what the Department can not supply, because of the lack 
of unity ef interest among them as a class, in the efforts of the De- 
partment to secure statistics and facts of interest in this line of in- 
dustry. 

The Department will continue the investigation in this direction 
for a short time longer, in the hope that the above suggestion will 
result in a willingness on the part of those interested to devote the 
required time and impart the desired information for the benefit of 
the whole. Otherwise I shall abandon the investigation. 

GRAPE AND VTINE PRODUCTION. 

During the year there has been instituted inquiries into facts and 
figures relative to the grape and wine production of the country. 
Several circulars have been prepared, and fifteen thousand distrib- 
uted among those engaged in these twin industries. I am encour- 
aged to believe that this information, which will supplement that 
published by the Department some years ago, will be fairly complete 
to date and prove valuable to all concerned. 

TEA. 

In accordance with the provisions of law, the interests of the Gov- 
ernment at the tea farm in South Carolina have been closed out 
during the year, the property, has been properly disposed of and 
accounted for, and, in accordance with the terms of the lease, the 
custody of th(? farm has reverted to its owner. 

* ' ILLUSTRATIONS. 

Science and art have reduced the question of illustration to a 
practical and economical solution, and it has become a valuable and 
almost indispensable adjunct to modern writings. There are now 
employed in the Department skilled draughtsmen and an engraver, 



I ■ , » - - V ^ 

42 liEJ'OK'r OP THE COMMISSIONEB OP AOKlCTTLTtTBE. 

> 

in, order that their work may he constantly nnder supervision, in its 
every detail, by thbse of onr scientists who wish to illilstrate their 
thought^ their discoveries, or their work. 

A single Illustration, covering but a small part of a page, will often 
bring a subject clearly before' the mind of man, where many pages 
of text and of figures would fall far short of making the vital point 
easily comprehended. The illustrations prepared by the Depart- 
ment appear in its various reports, and so far they are of incalcu- 
lable value. But they contain information oftentimes which should 
be more widely disseminated than is possible through those reports. 
I therefore urgently recommend that the Public Printer be given 
authority and means to furnish to the agricultural press of this couut 
try, at the mere cost of the labor and material, electrotypes of such 
of the illustrations of this Department as may seem to the respective 
editors interesting and valuable to their readers. 

It seems to me entirely proper that such action should be taken, 
as it would result in a wide and also prompt dissemination of in- 
formation, now almost entirely confined to our editions, and hence 
their value is confined to a necessarily limited circulation. 

Our printing fund is small. Five thousand copies is usually the 
utmost limit of an edition of a special report. The supply falls far 
short of the demand in very many cases. Surely the plan I recom- 
mend would be the equivalent of a large edition; it would popularize 
the Department more and more, it would familiarize the people with 
what we aim to do, it would stimulate thought, it would promote the 
habit of closer observation; and, in short, it would greatly benefit 
those who receive little tribute at best in proportion to the part they 
assume in the progress, prosperity, and welfare of the country. 

I 

LABORATORY. 

# 

I renew my recommendation for the erection on the grounds of 
the Department of a laboratory, apart from the main building, and 
suitably equipped for the great number of scientific experiments an- 
nually conducted here, and for the purpose of entering into other 
fields which need investigation and can not be entered for want of 
facilities. The need of this building is most imperative; the Depart- 
ment’s force and duties grow from year to year, but no adequate pro- . 
vision is made for the necessary space* to keep pace with this natural 
and healthy, development. 

The business of the Department has now to be transacted, for the 
most part, in a small, illy- ventilated, inconvenient building, which 
is little else than a fire-trap, in which public papers and valuable 
records and property are intrusted. In the basement of such a build- 
ing is the chemical laboratory of this Department, damp, inconven- 
ient for the purpose, dark, and unhealthy, and in the attic of the 
building is located the only laboratory for the investigation of animal 
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diseases^ that our space will afford. The clerks above the basement 
are subject at all times to the sickening odors which proeeed from 
chemicals and chemical analyses below, and are subject as well to . 
the additional' source of danger from fire and explosion; and because 
of the presence of these clerks in the building it is impossible to in- 
vestigate in the laboratory in the attic some of the common diseases 
*of animals which are contagious and dangerous to human life. 

LIBRARY. 

Every year since the establishment of the Department Congress 
has annually appropriated money for the maintenance of the libary, 
for the completion of series, and for the purchase of scientific and 
other works, and yet the space for the storage of this vast and valu- 
able collection remains the same as it was, twenty years ago. A well- 
equipped library, systematically arranged and properly conducted, 
is an imperative necessity to any scientific institution— it is the fuel 
to the fire. For years the Department’s works have been crowded 
into a room too small for the purpose, with no suitable place for 
preservation from insects and dust or against loss and confusion, 
always in anticipation that it would be deemed wise on the part of 
Congress to relieve a condition of affairs here which in ordinary busi- 
ness %vould be corrected without delay. I have been compelled to 
recognize these dangers, and in order to better systematize the li- 
brary and to protect valuable public property, much of which can not 
be replaced, I have removed the museum objects from exhibition in 
the main building to another portion of the grounds, and am now 
engaged in removing the library to that floor, where it will have 
abundant room for many years to come. With a new laboratory 
building, and with this change, the Department will be temporarily 
relieved of the present pressure for room, though the erection of a 
nejw and properly arranged Department building of a less inflamma- 
ble character than the present one would still seem to be the part of 
wisdom. 

WOOL AND COTTON. 

It is gratif ying to note that the report on wool, to which I ref erred 
in my first annual report, has been printed, and is now in process of 
distribution. It is an elaborate, valuable, and interesting report. 

In this connection I beg to renew the recommendation made in my 
last report relative to an incomplete and unpublished investigation 
upon the subject of cotton, of similar tenor and purpose. In re- 
sponse to a demand that other fibers than wool should be studied, 
the Department in 1883 and in 1884 caused to be collected for inves-* 
tigation a series of samples of cotton, as follows : 

(1) Cotton produced under different known conditions of seed, 
soil, climate, and culture in all parts of the great cotton belt of the 
United States ; ' 
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, (2) Representative cotton from the different commercial grades of 
the several cotton markets ; ^ . 

(3) Cotton from different stages in various processes of manu- 
facture. - 

The examination related to the length, fineness, strength, and 
elasticity,, upon all of which the value of the staple depends. There 
have been some $5,000 already expended in this examination, and 
I am assured that $7,500 more will complete it. In view of the 
importance of this investigation, both to the producer and to the con- 
sumer of this great staple, it seems that the. money already expended 
ought to have some return, and inasmuch as the total expense would 
be insignificant when compared with the results, I renew my recom- 
mendation of last year for authority and means to complete the work. 

IRRIGATION. 

Among the documents that have been prepared by the Depart- 
ment and printed directly by Congress is one on irrigation,”' which 
has been completed during the present administration. This report, 
although fairly complete in itself, is principally suggestive of more 
comprehensive tTeatment of the subject in the future, as projected 
works are completed and more general extension of irrigation sys- 
tems have been accomplished. The present work is already attract- 
ing wide-spread attention in those sections of our country where irri- 
gation is relied upon. 

Such extension, it is well understood, is limited by the amount of 
water available. It is true that as the cultivated soil receives the 
precipitation, however small the quantity, that formerly flowed over 
the impacted surface without penetration, the amount of irrigation 
necessary is lessened, and the application of water by irrigation 
further modifies the chemical and hydroscopic character of the seed- 
bed until less and less moisture is annually required. It is a reason- 
able supposition that ultimately some portion of the area now useless 
without irrigation may be productive with only the usual rain-fall, 
which has proved insufficient heretofore. At least it may be expected 
that certain plants which thrive with minimum supplies of moisture 
may be cultivated successfully without irrigation in favorable loca- 
tions, as the result of soil ameliorations by cultivation with tempo- 
rary irrigation. Thus the ultimate extension of available tillage or 
meadow, through the labor of man and the bounty of nature, is diffi- 
cult to foretell, and will doubtless greatly exceed the popular esti- 
mate. Then the adaptation of plants to these areas, so greatly mod- 
ified in their capabilities, will offer a wide field for selection of 
profitable crops and for the successful introduction of many plants 
now unknown to our agriculture or grown to a limited extent. 

When available supplies of water are exhausted there is still a re- 
source that should command the e^rly consideration of Congress — 
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the building of reservoirs among the mountains for the storage of an 
immense volume of water which is nbw wasted in spring floods, 
causing, in part, the spring rise in the Lower Mississippi, sometimes 
so disastrous. Thus would the resources of the cultivators of the 
Rocky Mountain slopes be doubled, and the destruction of hundreds 
of thousands of acres of corn and cotton be obviated by the same 
beneficent measure, attesting its utility as well as its nationality 
and constitutionality. 


FOLDING ROOM. 

The following is a statement showing the number and kinds of 
documents received at and distributed from the folding room of the 
Department. 

The Annual Report of the Department for 1886 has been printed 
during the current year, by order of Congress, 400,000 copies in 
number, of which 375,000 are held for distribution by Senators and 
members of the House of Representatives, and 25,000 copies assigned 
to this Department. 

The Report of the Bureau of Animal Industry for 1886 has been 
printed during the current year, by order of Congress, 35,000 copies 
in number, of which 30,000 are held for distribution by Senators 
and members of the House of Representatives, and 5,000 copies as- 
signed to this Department. 

The report on wool and other animal fibers has also been printed 
during the current year, by order of Congress, 10,000 copies in num- 
ber, of which 9,000 are held for distribution by Senators and mem- 
bers of the House of Representatives, and 1,000 copies assigned to 
this Department. 

Other reports have been as follows : 

\ 

DIVISION OF STATISTICS — NEW SERIES. 

Numbw. 

No. 36. Report on the crops of the year and on freight rates of transportation 

companies, December, 1886 15,000 

No. 37. Report on the numbers and values of farm animals, the cotton crop 
and its distribution, and on freight rates of transportation com- 
panies, January and February, 1887 16,000 

No. 38. Report on the distribution and consumption of wheat and corn, on 

the wheat production of the world, etc., March, 1887 15, 000 

No. 39. Report on the condition of winter grain and farm animals, and on 

freight rates of transportation companies, April, 1887 15,000 

No. 40. Report on the condition of winter grg.in and progress of cotton plant- 
ing., etc. May, 1887 ^ 16,000 

No. 41. Report on the acreage of wheat and corn, and on freight rates of 

transportation companies, June, 1887 16,000 

No. 42 . Report on the acreage of corn, wheat, and tobacco, with condition of 

growing crops, etc., July, 1887 16, 000 

No. 43. Report on the condition of growing crops and on freight rates of 

ti’ansportation companies, August, 1887, 16, OOO' 
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No. J4. Report on the condition of crops in Europe and America^ and on 

freight rates of transportation companies, September, 1887 16,000 

li o. 45. Report on the condition of crops, yield of grain per acre, labor prices 
in Mexico, and freight rates of transportation companies, Octo- 
ber, 1887 16, 000 

No. 46. Report on yield of crops per acre and on freight rates of transporta- 
tion companies, November, 1887 16,000 

No. 47. Report on the crops of the year, and on freight rates of transporta- 
tion companies, December, 1887 16, 500 

There have been printed and sent to county correspondents eleven 
monthly circulars of 11,000 each, or 121,000, in the division of sta- 
tistics, and monthly circulars to State agents aggregating 33,000. 

BOTANICAL DIVISION. 

Number. 

Bulletin No. 2. Report on fungus diseases of the grape vine . 5, 000 

Circular No. 4. Treatment of the potato and tomato for the blight and rot. . 15, 000 

Bulletin No. 3. Report on grasses of the South 5,000 

Bulletin No. 4. Desiderata on herbarium of North America 500 

Report of the Botanist for 1886, October, 1887 1,000 

RejKjrt of the Mycologist for 1886, October, 1887 500 

CHEMICAL DIVISION. 

Bulletin No. 13, Food and food adulterants — Part I, dairy products 10, 000 

Bulletin No. 13. Food and food adulterants — Part II, spices and condiments. ,5, 000 
Bulletin No. 13. Food and food adulterants — Part III, fermented alcoholic 

beverages 5, 000 

Bulletin No. 14. Experiments in the manufacture of sugar from sorghum at 

Fort Scott, Kans. , February, 1887 10, OOO 

Bulletin No. 15, Experiments in the manufacture of sugar at Magnolia Sta- 
tion, Lawrence, La., May, 1887 5, 000 

Bulletin No 16, Methods of analysis of commercial fertilizers, feeding 

stuffs, etc 3, 000 

POMOLOGY DIVISION. 

Bulletin No. 1. Condition of tropical and semi-tropical fruits in the United 

States 10, 000 

Bulletin No. 2. Condition of Russian and other fruits 25,000 

Circular No. 1. For the purpose of procuring reliable information of the 

grape-growing and wine-making industry of the country 15,000 

ENTOMOLOGICAL DIVISION. 

Bulletin No. 10. Our shade trees and their insect defoliators, May, 1887. ... 5,000 

Bulletin No.’ 13. Observations and experiments in the practical work of the 

division. May, 1887 ■ - 3, 000 

Bulletin No. 14. Reports of observations and experiments in the practical 

work of the division, August, 1887 3,000 

Bulletin No. 15. Report on the Icerya or fluted scale, August, 1887 3,000 

Bulletin No. 16. Entomological writings of Dr. Alpheus Spring Packard, 

October, 1887 3,000 

Report of Entomologist vf 1886, October, 1887 300 
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DIVISION OF ORNITHOLOGY. 

Number. 

Bulletin No. 1. Report on the English sparrow ’ . . . 10,000 

bulletin No. 2 . Bird migration in the Mississippi Valley 4, OOO 

:eport of the Ornithologist for 1886, July ^00 


DIVISION OF FORESTRY. 


Bulletin No. 1. Report on the relation of railroads to forest supplies and for- 
estry, together with appendices on the structure of some timber 
ties, their behavior and the cause of their decay in the road-bed; 
on wood preservation, on metal ties, and on the use of spark ar- 

, resters, October, 1887 

Report of forestry division for 1886, August, 1887 


5, 000 
1,300 


MISCELLANEOUS REPORTS. 

Addresses of Hon. Norman J. Colman, U. S. Oommissioner of Agriculturt^, 
and Dr. D. E. Salmon, Chief of the Bureau of Animal Industry, 
delivered before the National Cattle Growers’ Convention held at 

Kansas City, Mo., October 81 and November 1, 2, 1887 

Special 11. Proceedings of a convention of delegates from agricultural col- 
leges and experiment stations, held at the Department of Agri- 


culture October 18, 19, and 20, 1887 10,000 

Report on irrigation in the United States 1,000 

MISCELLANEOUS WORK OF THE FOLDING DIVISION. 

Folding of letter jackets 25, 000 

Envelopes made, 10 by 14 600 

Franks written 98, 940 

4,760 packages of envelopes and 2,580 quires of paper mailed to correspond- 
ents 7, 340 

Number of letters written 595 


' For the hearty co-operation which I have received from the chiefs 
of divisions of the Department; for the conscientious devotion to 
public duty which has characterized the record of its clerks; for the 
unyielding fidelity to its every interest which they have displayed, 
and for the efforts of all who have contributed to the progress of its 
administration, I desire to express my acknowledgments. 

The history of another year, here briefly summarized, is to me a 
gratifying exhibit. It remains for toother branch of Government 
to deal with the future of the Department as shall seem to redound 
to the benefit of our people and the wisest development of our agri- 
culture. 

Very respectfully, your obedient servant, 

Norman J. Colman, 
Commissioner of Agriculture. 
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REPORT OF THE ENTOMOLOGIST. 


INTRODUCTION. 

' Sir : I have the honor to present herewith my annual report for the 
year 1887. Mnch is omitted therefrom, both on account of restric- 
tions as to the size of the volume and the increased number of the 
divisions of the Department which must be represented in the general 
report, and on account of the policy which I am more and more 
adopting, with your sanction, of confining the publication of articles 
of less general interest, or rather those upon insects afl'ecting the 
more restricted crops or industries, to the special bulletins of the 
Division. The chief articles in this report, therefore, treat of two 
insects which are found throughout the country and which affect 
seriously several of our most important crops. 

The entomological event of the year has been the great damage 
done by the Chinch Bug in most of our grain-growing States of the 
West. Mr. Dodge, the Statistician, reports that at the very lowest 
estimate the loss for the year has amounted to $60,000,000 in nine 
States. Owing to the fact that Bulletin 5 of the U. S. Entomolog- 
ical Commission treated of the species with some detail, and to the 
further fact that I have dealt with it fully in my earlier writings, 
especially while State Entomologist of Missouri, no complete account 
of it has been published by the Department. There is so much that 
is new to investigate and work at that I find it difficult to dwell at 
length on insects to which I have given so much time in the past. 
The bulletin just mentioned is, however, out of print, and the de- 
mand for information on the subject is so constant that I have had 
Mr. Howard prepare as the first article of this report a complete ac- 
count of the species. The article not only digests all that has been 
published, but includes a number of unpublished facts, mostly de- 
rived from the observations of the field agents of the division. The 
only new remedy of importance brought into use since the publica- 
tion of the Missouri reports, viz, the kerosene emulsion^ is here 
treated in son;e detail. 

Much the same reasons may be given for the publication of th^ 
second article of the report,, which has also been prepared by Mr. 
Howard. The Codling Moth is the most injurious of our orchard 
pests, and a complete summary of its habits and remedies is needed. 
Kecent experiments have shown the value of arsenical spraying, if 
done carefully and at the right time, and more space is therefore 
devoted to the consideration of this remedy than to the others. 

An account of the investigation of the Hop Aphis, mentioned in 
the Introduction to my last report, is deferred for a few months. 
The investigations made have been thorough and satisfactory, and 
justify, in a stl*iking manner, the position taken a year ago. The 
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hibernation upon Plum in the egg state, the migration therefrom in 
spring to Hop, and the return migration in the fall have been fully 
proved in the States, and I have had the privilege of going over and 
verifying the same facts in the hop-fields of England, during the 
furlough which I took from the office last fall on account of con- 
tinued poor health. The experimentation in the way of remedial 
measures against its attack have also been most successful and satis- 
factory. The results of the investigation are of such importance and 
interest that I have been unable to put them together and prepare 
the necessary illustrations for this annual report, and for these rea- 
sons they will appear in separate bulletin form in the spring. In the 
same way the results of the continued investigations of the Buifalo 
Grnats, concerning which a preliminary article was published in my 
last report, are held for future publication. 

The work of the Division in carrying out the provisions of the law 
for the establishment of silk-culture in the United States has to- 
tailed quite as much labor during the past fiscal year as in previous 
years, and the results obtained have been quite as satisfactory as 
could have been expected under the circumstances. The general 
scope of the work has included the distribution of Silk- worm eggs 
and books of instruction and the conducting of experiments with 
automatic silk-reels, as mentioned in previous reports. The sixth 
edition of the manual of instructions, ‘'^The Mulberry Silk-worm,” 
consisting of 3,000 copies, which was issued in May, 1886, has been 
practically exhausted and a more enlarged edition is now in the course 
of preparation. The public interest has centered in the filaturt?, 
which has been visited by large numbtos of persons who unif ormally 
express delight at the experiment. For a full statem<^nt of the work- 
ing of the filature and for other details in reference ro the work in 
silK-culture I refer to the accompanying report of Mr. Walker. 

Experiments upon the Fluted or Cottony Cushion-scale of California 
and the other injurious scale-insects of that State have been contin- 
ued during the season, and results from the two agents detailed for 
this purpose are included in this report. To Mr. Coquillett, of Los 
Angeles, was assigned the duty of experimenting with gases. His re- 
port, giving the results of a long series of careful experiments, will 
prove of interest to the people of California. One of the principal dis- 
coveries made by Mr. Coquillett is the fact that hydrocyanic acid gas, 
when passed through sulphuric acid, is rendered harmless to the 
foliage of trees confined in it. This will greatly lessen the cost and 
labor of treating trees with this gas. The experiment with tobacco 
stems vaporized, an account of which will be found near the end of 
this report (experiment 128), is worthy of further investigation. 
Another gas that gives promise of being successfully used as an in- 
secticide is arseniureted hydrogen, which would have the advantage 
of cheapness as compared with hydrocyanic acid gas; but additional 
experiments are necessary before its claim can be fully established. 

It should always be borne in mind, both in the use of this gas , and 
the hydrocyanic acid gas, that the ingredients are exceedingly poison- 
ous, and the greatest care should therefore be taken by the oper- 
ator. The history of similar cases of destructive insects introduced 
from other countries goes to show, however, that the introduction 
of the natural enemies that keep the Fluted Scale in check in its 
native country will prove more effective than any other methods in 
subduing the pest and at the same time relieve the fruit-growers of 
the large expense attending the employment of even the most satis- 

ag.87 4 
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factory remedies. The injuries of this Icerya have so seriously 
affected the fruit interests of southern California that the leading 
fruit-growers, in convention assembled, have earnestly petitioned 
Congress to give you the power to have the natural parasites and 
enemies of the insect in its native country studied and imported. I 
have not a doubt that much practical good would result from the 
study of these parasites in their native country and their introduc- 
tion to southern California. It would be particularly appropriate to 
make an effort in this direction in 1888, because of the International 
Exposition at Melbourne in which this Government will take part. 
The exposition, in many ways, would further the investigation re- 
ferred to and asked for by the people of California. The expenses 
would be trifling if one of the salaried agents of the Division could 
be employed therefor; but the clause in the appropriation which 
restricts traveling expenses for the Division of Entomology to the 
United States precludes the sending of any one without some special 
law, and I earnestly call your attention to this fact. 

Mr. Koebele, stationed at Alameda, has experimented chiefly upon 
other scale-insects, and he has found that arsenious acid in one form 
or another is a valuable addition to the kerosene, emulsified with resin 
compound, as I suggested it would prove to be in my address before 
the State Board of Horticulture at Riverside last April (see Bulletin 
[Mo. 15, Division of Entomology). In every instance where the arsenic 
was added the result was a complete extermination of all scales. He 
has also obtained excellent results in the application of the dilute resin 
compound against Plant-lice, including the destructive W oolly Aphis 
of the Apple {Schizoneura lanigera). In the proportion of one part 
of the compound to eight parts of water it was found that the lice were 
killed without injury to the beneficial Syrphus larvfe or to the in^ 
ternal parasites of the lice. 

The report published from Prof. Herbert Osborn, of Ames, Iowa, re- 
lates to some of the more important insects of the season in Iowa. The 
Turf W eb-worm ( Crambus exsiccatus) has been particularly abund- 
ant, and the report contains a good account of its life history and in- 
juries. The Wheat-head Army -worm, the False Chinch-bug, and the 
injuriousBlister-beetles are also treated of. Prof. Osborn has also sent 
in a report upon the Chinch Bug (which has been used by Mr. Howard 
in the general article on the subject), and a report upon observations 
on Hop insects in Wisconsin, which is reserved for future use. He has 
also continued to assist me in work on the parasites of domestic 
animals. 

Mr. Bruner^s report treats of the damage done by the Chinch Bug 
in Nebraska, of the condition of the migratory and non-migratory 
locusts or grasshoppers, and of other less important insects of the 
season. 

Mr. Webster, in addition to an extended report of his observations 
during the earlier part of the season on the Southern Buffalo-gnat, 
has submitted some other observations, which are here published. 
These refer in the main to corn-insects. 

These reports as a whole, together with the correspondence of the 
Division, indicate that, aside from the Chinch Bug and a very few 
local outbreaks of other species, the year has been one of compara- 
tive immunity from insect injuries. 

The apicultural experiment station has been changed in location 
from Aurora, 111., to Hinsdale, in the same State, the latter locatiop 
possessing advantages in the way of convenience of transportation 
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and in other ways. The experiments of the year have been continued 
on the lines suggested in my last report, and the agent in charge sub- 
mits in his report the results of his investigations of two important 
bee diseases, and continues his account of experiments on the control 
of reproduction. 

The colored plates accompanying the report were drawn and coh 
ored by Miss Sullivan, under Mr. Howard^s supervision. 
Respectfully submitted, January 30, 1888. 

C. Y. Riley, 
Entomologist, 

Hon. ISTorman J. Colman, 

Commissioner. 


THE CHIR^CH-BUG. * 

{Blissus leucopterus, Say.) 

Order Hemiptera; family LyG-^idas. 

[Plates I and HI.] 

By L. O. Howard, Assistant. 

INTRODUCTORY. 

* 

The present treatment of the Chinch Bug offers little scope for 
anything new or original. It is an extremely destructive species, , 
which has been exhaustively treated by former writers, and which, 
after several years of comparative scarcity, has again become very 
injurious, so much so as to occasion the loss of millions of dollars 
during the present season and to call forth the greatest variety of 
comment from the press of the country, agricultural or otherwise. 
In this emergency it happens that there are no public documents for 
distribution and even no books which can be purchased which treat 
of the life history of and remedies for this pest. The State reports 
of Riley and LeBaron are out of print; the small edition of Bulletin 
5 of the U. S. Entomological Commission, by Dr. Thomas, was long 
since exhausted, and the recent bulletin and circular by Forbes treat 
almost solely of remedies. 

It becomes necessary, therefore, to bring out once more a complete 
review of the subject; and in the accessible form of this rcjport, 
375,0p0 copies of which are printed, it will undoubtedly receive wide 
distribution. Previous writings, particularly those, of Riley, are 
freely used, and in many instances the well-known Missouri reports 
of my chief are quoted at length. Professor Riley’s scraps and notes, 
as also the notes in the Division of Entomology, have been at my 
disposal. 

PAST history. 

It has been quite generally accepted, that the Chinch Bug is, com^ 
paratively speaking, a Southern rather than a Northern insect, and 
in so far as the matter of destructive appearances goes this idea is 
well upheld by its past history. In our section upon geographical 
distribution, however, we have shown that the species is by no means 
confined to the more Southern States, but that it is often found north 
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of the boundary line in Canada. It was first noticed, so far as we 
can find, in North Carolina at the close of the Revolutionary war, 
where, as has has been so often stated, it was mistaken 'for the Hes- 
sian-fly, which at that time was attracting considerable notice on 
Long Island and thereabouts. 

Dr. Fitch, in his second report, gives at some little detail an account 
of its early appearances, from which we may simply state that after 
this first notice the insect did considerable damage for several years 
in North Carolina, South Carolina, and Virginia. After a short 
series of seasons it was again destructive in North Carolina in 1809, 
so that in Orange County the cultivation of wheat was abandoned for 
two years. 

In 1839, in the same States, great damage was done to corn and 
wheat, and in 1840 an increase in number occurred and the wholesale 
destruction of the crops was only prevented by an exceedingly wet 
season. 

* The first scientific description of this species was given by Say in 
1831, in a little pamphlet published at New Harmony, Ind., entitled 
^'^Descriptions of new species of Heteropterous Hemiptera,^’ from a 
single specimen collected on the eastern shore of Virginia, and it 
was probably at that time rare in Indiana where Say resided, at New 
Harmony. 

It attracted much attention in 1840 in Illinois, when it occurred in 
numbers in Hancock County, where it was supposed to have been 
introduced by the Mormons, and was called in consequence the ^ “^Mor- 
mon louse.” 

According to Professor Riley the first recorded appearance of the 
insect in Missouri was in 1839. It was again noticed in 1844 and has 
been destructive ever since. In Iowa its first recorded appearance 
is in 1847; in Indiana in 1854, and in Wisconsin in 1885. 

1864 was a year marked by damage in these Western States. In 
1868, a season of great drought, much damage was done by the bugs 
in Missouri. 

In 1871 great damage was done in Illinois, southern Iowa, in parts 
of Indiana, in Nebraska, in southern Missouri, and Kansas. It was 
estimated by Dr. LeBaron, in his Second Illinois Report that the loss 
to the wheat, oat, and barley crops during this year amounted to 
§10,500,000 in Illinois alone, and in the other six States mentioned, 
including Indiana, the total loss was upwards of $30,000,000. 

In 1874 they occurred again in Missouri and the adjoining States 
in exceptional abundance. It was during this season that Professor 
Riley sent out circulars to all parts of Missouri, and at the close of 
which he wrote the extended article which was published in his 
Seventh Missouri Entomological Report. 

He estimated the total loss to the group of States of which eastern 
Kansas forms a center to be double that of 1871. Very careful esti- 
mates by counties give an aggregate loss of §19,000,000 for Missouri 
alone, including only the three staple crops of Wheat, Corn, and 
Oats. He mentions several facts which tend to show that this esti- 
mate is low rather than high. 

From 1874 to 1881 there were no serious irruptions of this pest, but 
in this year it attracted considerable notice and did a great deal of 
damage in the same W estern States. Much newspaper literature con- 
cerning the insect was published during this year, much of which 
was excited by Thomas’s paper upon the relation of meterological 
conditions to insect development and particularly to the Chinch Bug. 
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It w^as during this year also that the Chinch Bug convention” 
was held at Windsor^ Kans., and it was decided to exclude wheat 
from cultivation as a means of extirpating the pest. 

In 1882 the work of the bug upon timothy grass was discovered iix 
Saint Lawrence County, 1ST. Y., for the first time in its history. It 
increased and spread in 1883, exciting great alarm, and occasioned 
several articles from the pen of Dr. Lintner, who also issued a circu- 
lar on remedies and anticipating further damage. 

Professor Riley, in Science (Vol. II, p. 620), and fn his report for 
1884 stated that there was little cause for alarm in New York, atid, in- 
deed, no particular damage has since been recorded. In 1885 some 
dama^ge was done in parts of Kansas and Nebraska, and in 1886 still 
more. Bulletin No. 13 of the Division of Entomology contains reports 
of considerable damage in the spring of 1886 from Kansas, Indiana, 
Ohio, and Nebraska, and more especially in southern Illinois. 

GEOGRAPHICAL DISTRIBUTION. 

East of the Rocky Mountains the Chinch Bug seems to be indig- 
enous North and South, feeding naturally upon various, species of 
wild grasses and becoming multiplied wherever the cultivation of 
wheat has reached its original haunts. ^ ^ 

It was first noticed, as stated in the last section, in North Carolina, 
and Say’s original description was published from a Virginia speci- 
men. 

Pitch records the fact that he had collected specimens in New 
York, but that it was exceedingly rare. Signoret also :^cords it 
from New York, and, as we have just shown, it appeared in 1883 in 
destructive numbers in the northern part of this State. Harris, in 
the first edition of his well-known work, states that it did not occur 
in New England; but in a foot-note to his second edition states that 
while the sheet was passing through the press he discovered a single 
specimen in his own garden at Cambridge (June 17, 1852), and in 
1883, according to Dr. George Dimmock (Psyche. Nov., Dec., 1883, p. 
119), the lowland between Belmont and Cambridge was swarming 
with them. They have also been collected by Dr. Packard at 
Salem, Mass., in Maine, and at the summit of Mount V^ashington 
in New Hampshire. Dr. Lintner records the fact that Mr. H. L. Fer- 
nald captured one or more specimens in 1879, 1880, and 1882 at 
Orono, Me. 

In Canada they occurred at Grimsby, Ontario, in 1866, and were 
sent from that point in that year to Mr. Walsh. Mr. W. F. Har- 
rington collected specimens found abundantly at Sidney, Cape Bre- 
ton (N. lat. 46° 18'), in September, 1884 (Can. Ent., Nov., 1886, p. 218). 

Dr. Fitch received specimens from western Pennsylvania, and also 
stated that it was sent him' from Mississippi with the information 
that in some years it damaged the crops of Indian corn. We have 
found it personally in considerable numbers in the rice-fields near 
Savannah, Ga., and Mr. E. A. Schwarz and others have collected it 
in Florida. In the latter State Mr. Schwarz found it very abund- 
antly at Biscayne Bay, breeding in the wingless form only, in consMer- 
able numbers upon sand oats [ Uniola pamculata) . It has also been 
collected in this same form upon the same plant on the sea-shore at 
Fortress Monroe, Va., by Messrs. Schwarz and Heidemann. Mr. 
W^^bster has noticed it in Mississippi and Louisiana and Professor 
Riley has seen it in most of the Southern States.^ The States, how- 
ever, in which it does the greatest damage are Virginia, North Caro- 
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linaj South Carolina^ Ohio^ Indiana, Kentucky, Tennessee, Illinois, 
southern Wisconsin, Iowa, Missouri, Kansas, and Nebraska. Uhler 
records the species from Texas, California, Kansas, Nebraska, Wiscon- 
sin, Minnesota, Illinois, Michigan, and generally throughout the At- 
lantic region. 

Outside of the United States it is recorded only from Cuba (see 
Signoret, ^^Essai Monographique du Genre Micropus, Spinola,’’ Ann. 
Soc. Ent. France, V, 3d series, 1857, p. 31), and the Cuban individ- 
uals are long- winged, while Mr. Schwarz never found a long-wing;ed 
individual in Florida, in spite of the fact that he has collected in lo- 
calities the insect fauna of which is in. the main Cuban. This ob- 
servation conflicts with the general observation of Mr. Uhler that 
the short-winged form seems to be more common in New England 
than in the Southern States. 

The only authentic record of the occurrence of the Chinch Bug 
west of the Rocky Mountains is the mere mention by Uhler, in his 
List of the Hemiptera of the Region west of the Mississippi River 
(Bull. Hayden Surv., I, 306), of California as one of the States 
which it inhabits, but this record has been overlooked by Califor- 
nians. Its advent upon the Pacific slope has been expected and 
dreaded. Matthew Cooke, in his book published in 1883 upon in- 
jurious insects of the orchard, vineyard, etc., figured and described 
it, and under the head of remedies” wrote : Should this pest ap- 

pear in this State it can be prevented, etc.” 

In June, 1885, there were several newspaper reports on th«-^ occur- 
rence of this insect in great numbers in California. The San Fran- 
cisco Evening Post for June 23, 1885, quoting from the Woodland 
Democrat, published the statement: ''Messrs. Frazee and Hender- 
son, who live southwest of Woodland, brought to this office a bottle 
of this pestiferous insect (Chinch Bug) on Tuesday. Mr. Henderson 
says that he recognized them as the same Eastern variety that fre- 
quently does so much injury to wheat in Missouri. These gentlemen 
say they discovered the bugs traveling between the lands of Day and 
Clanton. There are millions of them, but as to the extent of coun- 
try covered they are unable to say. The bugs are nearly grown and 
are just beginning to have wings. As soon as the wings develop 
they fly and scatter everywhere. Mr. Frazee says there is no danger 
from them this year as the grain is too far advanced.” So far this 
item seems very plausible, but it goes on to state "that another gen- 
tleman had noticed them injure grape-vines,” which, of course, in- 
troduces a probability of wrong identification. 

There is no question, however, but that the Chinch Bug is to be 
found at present in California, but not the certainty of its existence 
in injurious numbers. Our certainty as to its presence arises from 
the fact that a single specimen of a short-winged variety of this in- 
sect is among a lot collected in the vicinity of San Francisco in 1885 
by Mr. Koebele. It is unquestionably a true Chinch Bug. Another 
specimen of the same variety was collected in 1884 by some students 
of Johns Hopkins University, who summered in California, and was 
given to Mr. Lugger, of this Division, who was at that time con- 
nected with the university. Recent communications from Califor- 
nia, in answer to inquiries on this point, show that the insect is not 
known to the entomologists in that State. The False Chinch-bug 
{N^ysius angustatus) has been, we learn from Mr. Koebele, very de- _ 
structive to Grape in that State the past season, and it is more than 
likely that this is the insect referred to in the newspaper article just , 
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, quoted, Mr. Koebele writes that the False Chinch was so abundant 
around Alameda in July that in an old road at least fifty specimens 
couldi be found under each plant of Polygonum aviculare. He made 
in 1887 a most careful search of the locality in which he found the 
1885 specimen, but could not find a single additional individual. He 
also examined the large collection of Hemiptera in the California 
Academy of Sciences without success. The following paragraph is 
from Mr. Coquillett’s answer to our inquiries : 

have never met with the Chinch-bug in any part of California 
that I have visited — neither in Merced County, around the city of 
Sacramento, nor on the southern part of the State, where I have col- 
lected Hemiptera extensively with the sweep-net. Dr. Rivers, cura- 
tor of the museum at our State Uni versity, writes me that three years 
ago he took three specimens of a bug that that looked much like the 
Chinch Bug, but was darker and smaller, and he does not believe 
that they belonged to this species; they were taken in Sonoma County 
and were sent off he knows not where. He has collected Hemip- 
tera extensively since then, but the Chinch Bug is not among them. 
Mr. Wickson, editor of the Pacific Rui*al Press, writes me that he 
has ^ never seen a specimen nor heard of one as being recognized by 
an observer whom I would consider as capable of recognizing the 
insect.’’’ 

Since writing the above we have learned from Mr, Uhler that he 
has seen specimens of the Chinch Bug from California of a long- 
winged form which were collected near San Francisco, probably by 
Mr. Hy. Edwards. He has also seen specimens from Cuba and from 
Tamaulipas, Mexico. 


mJUEY DURING 1887. 

During the present year (1887) the injury was marked in these 
States and also in some parts of Missouri, but the interesting point 
in the history of this season has been the occurrence of the insects in 
great numbers in portions of Virginia and North and South Carolina 
for tlie first time in many years, although no considerable damage 
has been reported to the Department. As a review of the localities 
and damage this season is desirable we publish a statement by Mr. 
J. R(, Dodge, the Statistician of this Department, who has kindly 
prepared it at our request. 

Mr. Dodge reports as follows: 

In accordance with your request, I take pleasure in communi- 
cating the results of inquiries made relative to the geographical dis- 
tribution of Chinch-bugs during the past season, and to the extent of 
their destruction of growing crops. 

find indications of their presence throughout the Southern and 
Western States, but no material injuries to crops are reported except 
in States bordering on the Mississippi River and the lower Missouri. 
Kansas, part of Nebraska, Missouri, Iowa, Illinois, southern Wis- 
consin, and eastern Minnesota include, practically, the field of their . 
serious operations. 

^^They attacked wheat and rye first, then barley and oats, and 
afterward corn, grass, millet, sorghum, and broom-corn. As corn, 
wheat, and oats are the principal tilled crops of this area, they repre- 
sent the principal part of the damage. 

‘ ‘ In many places the fields were cleared, and small grain areas 
were plowed up. The pest came in some cases to districts that 
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had never before been ravaged ; in many others the scourge was 
claimed to be more sweeping than ever before. 

^‘ The insect was present in injurious numbers in nearly every 
county in Kansas. Correspondents in Leavenworth, in the extreme 
east, and Hamilton, on the Colorado border, gave the only negative' 
replies. The worst damage was done in this State. 

^^THe infliction was general in Missouri except in a belt in the 
central part of the State, not very regular nor wholly untouched, 
trending northeasterly and connecting with a similar belt in Illinois. 

‘ ‘ Further north, no portion of Iowa was exempt except the northwest 
corner of the State, in proximity to areas of exemption from central 
Minnesota westwardly through Dakota, and near to a similar area 
in northern Nebraska. In eastern Minnesota and southern Wiscon- 
sin, howevei', the scourge was general and severe. In Illinois com- 
parative exemption was enjoyed in a central belt running in a north- 
easterly direction from Christian to Champaign, and from Adams 
to Bureau, fifteen to twenty counties, in which correspondents re- 
sponded in the negative as to their destructive presence. Elsewhere 
the pest was nearly universal. 

The southwestern corner of Indiana was alive with Chinch-bugs; 
elsewhere, though present in much of the area, only about a dozen 
counties estimated any material losses. They were still scarcer in 
Michigan. Only ten counties in Ohio reported their injurious pres- 
ence; and a few only in Kentucky indicated material damage. 

These insects are reported as more or less injurious in every sea- 
son of drought and scarce or absent in all wet areas. They have 
attacked almost every crop, though giving their preference to the 
cereals. In the area of their depredations, the crops have an annual 
value of more than a fourth of the entire agricultural production of 
the United States, and a value nearly four times as great as that of 
the cotton crop. It will readily be seen that the losses must be 
heavy, undoubtedly greater than those of all other insects together, 
as no such values are involved in other crops subject to insect depre- 
dations the past year. 

^‘^The following table has been prepared from data severely scru- 
tinized, revised, and accurately consolidated. It makes a large sum, 
and yet does not comprise all the damage done to barley and rye, 
millet, etc,, all of which might be approximately stated in round 
numbers as $60,000,000. The record by States is as follows: 


States. 

Corn. 

Wheat. 

Oats. 

Bushels. 

Value. 

Bushels. 

Value. 1 

1 


Value. 

Kentucky 

983,280 
885, 564 
1,785,000 
16,929,600 
1,804, 250 
2,169,720 
22,020,240 
15, 504, 390 
16, 840, aio 

$521,138 
425,071 
803,250 
6, 941, 136 
757, 785 
802, 796 
7,707,084 
: 5,736,624 
6,230,926 

66, 678 
215,370 
453, 936 
5, 529, 150 
1 3,004,490 
9,074,750 
6, 977, 620 
1,664, 640 
2, 282, 100 

$48,675 
161,528 
326,834 
3,870,405 
1,922,874 
5, 354, 103 
4,256,348 
1,032,077 
1,392,081 



Ohio . . . r 

Indiana 

Iliinois 

Wisconsin 

Minnesota 

Iowa _ 

Missouri 

ICansas 

Total 

60,196 
167, 658 
1 3, 810, 310 
i 1,742,750 
2,438,160 
4,462,920 
795,860 
6, 406, 560 

$19,263 
48, 621 
1,028,784 
487, 970 
633,922 
1,071,101 
206,924 
2,438,4^ 

78, 922, 384 

29, 925, 810 

29, 268, 734 

18, 364, 925 

19, 864,414 

5, 935,082 


Accompanying these statement of Mr. Dodge were nine State maps 
indicating the counties reporting to the Department damage from 
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the Chinch Bug. Many other localities had Chinch Bugs in abun- 
dance, and considerable damage was done in States not represented in 
this list. These localities, however, are authoritative, and their re- 
ports furnished the main basis for the table which preceeds. W e may 

summarize these briefly as follows : 

Illinois, fifty-one counties, as follows : Stephenson, Winnebago, Lake, Carroll, Lee, 
Kendall, Will, La Salle, Rock, Mercer, Warren, Stark, Iroquois, Vermilion, E<l :;ar, 
Douglas, Coles, Moultrie, Shelby, Cumberland, Clark, Jasper, Effingham, Fa^ t;ite, 
Bond, Madison, Macoupin, Greene, Pike, Jersey, Saint Clair, Clinton, Washington, 
Marion, Clay, Lawrence, Wabash, Edwards, White, Hamilton, Franklin, Randolph, 
Jackson, Williamson, Saline, Gallatin, Johnson, Pope, Hardin, Massac, and Alex- 
ander. 

Indiana, twenty-five counties, as follows : Elkhart, Jasper, White, Huntington, 
Wells, Blackford, Jay, Warren, Montgomery, Wayne, Shelby, Johnson, Sullivan, 
Greene, Dearborn, Knox, Martin, Ohio, Gibson, Pike, Dubois, Posey, Vanderburgh, 
Warrick, and Spencer. 

Iowa, sixty-one counties, as follows: Winnebago, Worth, Mitchell, Howard, Win- 
neshiek, Allamakee, Clayton, Fayette, Chickasaw, Floyd, Cerro Gordo, Hancock, 
Palo Alto, Pocahontas, Humboldt, Franklin, Dubuque, Buchanan, Grundy, Ham- 
ilton, Webster, Calhoun, Sac, Crawford, Carroll, Greene, Story, Marshall, Tama, 
Benton, Linn, Jackson, Clinton, Scott, Muscatine, Iowa, Jasper, Dallas, Guthrie, 
Audubon, Shelby, Madison, Mahaska, Keokuk, Des Mbines, Henry, Monroe, Lucas, 
Union, Adams, Montgomery, Mills, Fremont, Page, Taylor, Decatur, Wayne, Ap- 
panoose, Davis, Van Buren, and Lee. 

Kansas, sixty-three counties, as follow^s: Cheyenne, Rawlins, Norton, Phillips, 
Jewell, Washington, Marshall, Nemaha, Brown, Wyandotte, Jefferson, Jackson, 
Shawnee, Douglas, Pottawatomie, Riley, Wabaunsee, Davis, Clay, Cloud, Mitchell, 
Rooks, Graham, Sheridan, Thomas, Sherman, Gove, Russell, Lincoln, Ottawa, Ells- 
worth, Saline, Dickinson, Morris, Osage, Franklin, Miami, Linn, Anderson, Coffey, 
Chase, Marion, McPherson, Rice, Barton, Rush, Ness, Lane, Scott, Ford, Pawnee, 
Stafford, Reno, Sedgwick, Allen, Neosho, Cherokee, Labette, Chautauqua, Cowley, 
Sumner, Barbour, and Comanche. 

Michigan, five counties, as follows: Manitou, Presque Isle, Saginaw, Shiawassee, 
and Saint Joseph, 

Kentucky, eight counties as follows: Carroll, Pendleton, Bracken, Estill, Mercer, 
Unionj Ballard, and Marshall. 

Minnesota, twenty-seven counties, as follows: Hubbard, Wadena, Todd, Crow 
Wing, Kanabec, Pine, Isanti, Chisago, Sherburne, Stearns, Wright, Carver, Scott, 
Rice, Wabash, Winona, Olmstead, Dodge, Steele, Waseca, Watonwan, Martin, Fari- 
bault, Freeborn, Mower, Fillmore, and Houston. 

Missouri, sixty counties, as follows: Atchison, Nodaway, Holt, Worth, Gentry, 
Harrison, Mercer, Putnam, Sullivan, Adair, Linn, Clinton, Caldwell, Ray, CHariton*, 
Randolph, Lincoln, Saint Charles, Callaway, Cooper, Johnson, Cass, Bates, Henry, 
Saint Clair, Hickory, Osage, Maries, Gasconade, Franklin, Jefferson, Washington, 
Saint Genevieve, Perry, Iron, Bollinger, Cape Girardeau, Mississippi, New Madrid, 
Butler, Wayne, Oregon, Shannon, Pulaski, Laclede, Wright, Douglas, Ozark, Chris- 
tian, Webster, Dallas, Hickory, Polk, Cedar, Dade, Barton, Lawrence, Barry, New- 
ton, and McDonald. 

O/iio, ten counties, as follows: Defiance, Wood, Geauga, Allen, Shelby^ Darke, 
Franklin, Fairfield, Meigs, and Gallia. 

POOD PLANTS. 

Tlie Cliiiicli Bug will feed upon all grains and grasses so far as 
known. The most prominent crops which are seriously injured are 
Wheat, Barley, and Indian Corn. The testimony in regard to Oats 
is conflicting, but LeBaron’s conclusion to the effect that ^‘^if this 
grain be sown where Chinch Bugs abound, and especially if it is sown 
exclusively it will be damaged to a greater or less extent the first 
year, but that the bugs will probably not continue to breed in it to 
any great extent in succeeding years,” is unquestionably correct. 
Broom-corn, Sorghum, Chicken- corn, Hungarian grass. Millet, Rye, 
rice, Bermuda-grass {Cynoclon dactylum), Fox-tail grass 
^auca), Timothy {Phleum pratense), Blue-grass (Poa pratensis), 
Crab-grass {Panicum sanguinale), Bottle-grass {Setaria viridis), and 
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all of our wild grasses, so far as knoivn, are attacked, but beyond 
these no plant is ever damaged. Reports of damage done to other 
croDS. such as grape-vines and garden crops, are the results of mis- 
takuji identity, and an error in the compilation of Packard’s Guide 
to the Study of Insect has doubtless done much to perpetuate the 
idea that this insect is a more general feeder. This was corrected 
in the later editions of this work, probably at the suggestion in Pro- 
fessor Riley’s criticism in his Seventh Rept. Jns. Mo., page 26. 

Upon the Sand Oats {Uniola paniculata) in Florida Mr. Schwarz 
noticed that the entire development of the insect is undergone upon 
the highest part of this tall plant, and not close to the bottom as in our 
latitude. The probable reason for this, as he has pointed out, is that 
the strong winds are continually blowing fine, sharp sand through 
the lower parts of the plants, rendering it impossible for the bugs to 
remain at these places and forcing them to seek their nourishment 
higher up. 

Concerning Timothy and the Crab-grasses Professor Forbes says: 
^Tt seems to prefer Timothy to Blue-grass, not really relishing either as 
a general thing, and takes to the Crab-grasses {Panicum) not at all, or 
only as a last resort ” (Bull. JNo. 2, State Ent. 111. ). This generalization 
is undoubtedly correct for Illinois and the surrounding States, but, as 
Professor Forbes himself points out in a foot-note, the bugs did 
great damage to Timothy in northern INew York in 1883, and the fol- 
lowing extract from a letter recently received from Professor Atkin- 
son, of Yorth Carolina, indicates that in that State at least the Crab- 
grass becomes an important item of the insects’ diet; * * I 

have recently discovered that at this season of the year (October) 
the Chinch Bug feeds on the ^crab-grass,’ so common in cultivated 
and waste places, and especially so abundant in many of the corn- 
fields after cultivation has ceased. The Chinch-bug must go to the 
grass after the corn becomes mature and no longer yields the sap. 
I have found the bugs inside the sheath and clear evidence of their 
having punctured the colon, ^^o doubt this grass affords theni sub- 
sistence for quite a x 3 eriod of time, and then shelter for the winter. 

* * * I have found within the past few days pupae, or wingless 

individuals, in the Crab-grass. * * * ” Referring again to Timo- 

thy, we may state that a meadow of this grass on the farm of J. F. 
Whiton, near Wakeman, Pluron County, Ohio, was injured consider- 
ably by the bugs in 1886. Professor Forbes, however (Bull. 2), gives 
an instance where sowing Timothy with fall wheat was probably the 
cause of the salvation of the crop. 

On cultivated Rice we found Chinch Bugs very generally scattered 
throughout the large rice-fields near Savannah, Ga., in August, 1881. 
Only adult specimens were found at that time, and all were fully 
winged and were found upon the heads of the grain, to which they 
had probably flown, as the fields had been flooded for some time pre- 
viously. ISTo particular damage to the crop was perceptible, unless 
their punctures contribute to bring about the disease known as 

white blast,” as suggested by Professor Riley in his Annual Report 
for 1881-’82, p. 137. 

We shall probably be obliged to widen our close restriction of the 
Chinch Bug food plants, to admit at least one of the Polygonums. A 
chance statement by Mr. Bruner that he had known this insect to feed 
upon the so-called Wild Buckwheat” in Nebraska led to a letter of 
close inquiry, to which he replied that there can be no mistake and 
that the plant is either Polygonum dumetorum, or P, convolvulus. 



I 


REPORT OP THE EHTOkOLOOIST. 59 

STAGES OF GROWTH — DESCRIPTIVE. 

Tlie following descriptive matter is from Professor Riley's Seventh 
Report on the Insects of Missouri, and is fuller and more careful than 
that published elsewhere. It will be noticed that there are three 
larval stages, necessitating two molts before the pupa and three before 
the adult. It will also be noticed that the larvae have but two joints 
to the feet, while the adults have three : 

The Egg (Plate I, fig. 2). Average length 0.03 inch, elongate-oval, the diameter 
scarcely one-fifth the length. The top squarely docked and surmounted with four 
small rounded tubercles near the center. Color when newly laid, pale and whitish, 
and translucent, acquiring with age an amber color, and finally showing the red 
parts of the embryo, and especially the eyes toward the tubernacled end. The size 
increases somewhat after deposition, and will sometimes reach near 0.04 inch in 
length. 

Larval stages. — The newly-hatched larva is pale yellow, with simply an orange 
stain on the middle of the three larger abdominal joints. The form scarcely differs 
from that of the mature bug, being but slightly more elongate ; but the tarsi have 
but two joints (Fig. 4, d), and the head is relatively broader and more rounded, 
while the joints of body are sub-equal, the prothoracic joint being but slightly 
longer than any of the rest. The red color soon pervades the whole body, except 
the first two abdominal joints, which remains yellowish, and the members, which 
remain pale. After the first molt the red is quite bright vermilion, contrasting 
strongly with the pale band across the middle of the body ; the prothoracic joint is 
relatively longer, and the metathoracic relatively shorter (Plate I, fig. 3). The head 
and prothorax are dusky and coriaceous, and two broad marks on mesothorax, two 
smaller ones on metathorax, two on the fourth and fifth abdominal sutures, and 
one at tip of abdomen are generally visible, but sometimes obsolete ; the third and 
fourth joints of antennae are dusky, but the legs still pale. After the second molt 
the head and thorax are quite dusky and the abdomen duller red, but the pale 
transverse band is still distinct ; the wing-pads become apparent, the members are 
more dusky, there is a dark red shade on the fourth and fifth abdominal joint, and, 
ventrally, a distinct circular dusky spot covering the last three joints (Plate I, 
fig. 4). - 

Pupa (Plate I, fig. 5). — In the pupa the coriaceous parts are brown-black ; the 
wing-pads extend almost across the two pale abdominal joints, which are now 
more dingy, while the general color of the abdomen is dingy gray ; the body above 
is slightly pubescent, the members are colored as in the mature bug, the three- 
jointed tarsus is foreshadowed, and the dark horny spots at tip of abdomen, both 
above and below, are larger. 

Imago (Plate I, fig. 6). — The perfect insect has been well described, and I will 
append the original descriptions : 

“Lygseus Leucopterus (Chinch-bug). Blackish, hemelytra white, with a black 
spot. 

“ Inhabits Virginia. 

‘‘ Bod^ long, blackish, with numerous hairs. AntenuEe, rather short hairs ; 
second joint yellowish, longer than the third ; ultimate joint rather longer than 
the second, thickest ; thorax tinged cinereous before, with the basal edge piceous ; 
hemelytra white, with a blackish oval spot on the lateral middle ; rostrum and 
feet honey-yellow ; thighs a little dilated. 

“ Length less than three-twentieths of an inch. 

“ I took a single specimen on the eastern shore of Virginia. 

“ The whiteness of the hemelytra, in which is a blackish spot strongly contrasted, 
distinguishes this species readily.” (Say, Am. Entomology, I, p. 329). 

The above description originally appeared in 1832, in a pamphlet entitled De- 
scriptions of new species of Heteropterous Hemiptera of N. A.” 

“ Length, If lines, of three-twentieths of an inch. Body black, clothed with a 
very fine grayish down, not distinctly visible to the naked eye ; basal joint of the 
antennae honey -yellow ; second joint of the same tipped with black ; tliird and 
fourth joints black ; beak brown ; wings and wing-cases white ; the latter are black 
at their insertion, and have near the middle two short, irregular black lines and a 
conspicuous black marginal spot ; legs dark honey-yellow ; terminal joint of the 
feet and the claws black.” (Dr. William LeBaron, in the Prairie Farmer for Sep- 
tember, 1850, Vol. X, pp. 280, 281, where the name of Rhypa^^ochromus devastator 
is proposed for it). 
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Dr. Pitch also enumerates the following varieties of this insert : 

(а) immavginatus. — Basal of the thorax not edged with yellowish. Common. 

(б) dimidiatus. — Basal half of the thorax deep velvety black, anterior half gray- 
ish. Common. 

(c) fulvivenosus. — The stripes on the wing-covers tawny yellow instead of black. 

(d) albivenosus. -^Wing-coYers white, without any black marks except the mar- 
ginal spot. A male. 

(e) apterus (Plate I, fig. 7. — Wingless and the wing-covers much shorter than the 
abdomen. 

(/) basalis. — Basal joint of the antennas dusky and darker than the second. 

(g) nigricomis. — Two first joints of the antennae blackish. 

(h) femoratus . — Legs pale livid yellow, the thighs tawny red. Common. 

(t) ruflpedis. — Legs dark tawny red or redish brown. 

To these varieties, all of which occur with us, I would add one which may be 
known as melanostis, in which the normal white of the wings is quite dusky, and 
contains additional black marks at base and toward tip, and in which all the mem- 
bers and the body except the rufous hind edge of thox'ax are jet black. 

Ill addition to these varieties mentioned by Dr. Riley, an interest- 
ing form has been collected by Mr. E. A. Schwarz, at Lake Worth, 
Fla., and by Mr. O. Heidemann, at Fortress Monroe, Va. This va- 
riety is illustrated on Plate I at Fig. 8, and is at once distinguished 
from other short-winged varieties by its more slender and pointed wing- 
pads and by the color of the antennse, the first three joints of which 
are honey-yellow, while the last joint or club is nearly black. It 
seems also to be more thickly clothed with silvery pile, but this is 
probably due to the fact that the specimens studied were mounted 
dry, while all others which I have seen have evidently been placed 
in alcohol. This variety, so far as we know, has been collected on 
the sea-shore only. 

NUMBER OF BROODS AND HIBERNATION. 

For many years there existed a misconception concerning the num- 
ber of broods of this insect in the West. It was always understood 
that there was more than one brood, and some newspaper writers iiir 
sisted that there were as many as five or six annual generations. 
Professor Riley, in the Practical Entomologist, Vol. I (March 26 , 
1866), was the first to publish the definite statement that the Chinch 
Bug is two-brooded in northern Illinois, and Dr. Shimer, the succeed- ' 
ing year, published the same statement from his own observations. 
This number of annual generations holds through the entire North- 
west and as far south certainly as the latitude of Saint Louis. 
Thomas states that there is some evidence of an occasional third 
brood in the extreme southern part of Illinois and in Kentucky, but 
that it is not sufl&cient to justify him in stating it as a fact, or 
to satisfy him of its correctness. In North Carolina there seems no 
question but that the second generation gave birth to still a third, 
which, as we are informed by Professor Atkinson, of Chapel Hill, 
was found in a half-grown condition on Crab Grass about the 1st of 
October. This third generation probably hibernates in the adult 
condition. 

The Chinch Bug passes the winter in the perfect state. As cold 
weather approaches most of the full-grown bugs leave the hardened 
corn-stalks or wild grasses upon which they have been attempting to 
feed and seek some convenient shelter in which to pass the winter. 
They collect in fence cracks, in sheds, hay-stacks, straw-stacks, corn- 
shucks, under leaves, mulching, and rubbish of all kinds upon the 
ground, under the loose bark of adjacent trees, in stumps and logs, 
under stones and clods of earth, in fact, in any situation which will 
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offer shelter. They seem to prefer dry situations . Bunches of old dead 
grass and weeds offer them particularly attractive places for hiberna- 
tion. Professor Atkinson writes us that the Crab Grass in ISTorth 
Carolina not only affords the bugs sustenance after the corn-stalks 
harden, but also gives them shelter for the winter, as they work their 
way down between the leaf -sheath and the stalk. Mr. J. O. Alwood 
writes us from Columbus, Ohio, that October 26, 1887, he observed 
them lying torpid within the leaf-sheaths of an uncut field of Pearl 
Millet. During cold weather they remain torpid. On a warm, sun- 
shiny day they will stretch their legs and begin to move about to a 
slight extent; but as the cold becomes severe they press back deeper 
into their hiding-places. They can withstand the severest cold, and, 
in fact, as with so many other hibernating insects, the more sustained 
the cold weather the more the insects winter successfully. An in- 
stance' is related by a reliable correspondent of Dr. Thomas in 
which the bugs frozen into ice were thawed, and when warm mani- 
fested signs of life, crawling back as in the spring. Dr. Shimer’s ob- 
servations upon this point are sufficiently interesting to quote : 

After the early autumn frosts they left their feeding-grounds on foot in search 
of winter quarters; none could be seen on the wing as at harvest time. For a win- 
ter retreat they resorted to any convenient shelter they might chance to find, as 
long grass, weeds, boards, pieces of wood, rails, fallen tree leaves, etc. 

In January, 1865, I next examined their condition; those that I found in the 
sheaths of the corn-leaves above the snow, and had been thus exposed during the 
previous severe weather, when for several successive days the thermometer was 
15° to 20° below zero, were invariably found dead, without exception, and those 
beneath the snow were alive. This observation was made in the common farm . 
corn-fields, as they might be found anywhere all over the wide country, for 
in autumn the Chinch-bugs remained in great numbers in the corn-husks and under 
the sheaths of the blades, as well as in other winter retreats. Upon various occa- 
sions, as the winter advanced, I brought in corn-husks filled with ice, inclosing the 
Chinch-bugs in the crystallized element; when the ice was thawed they were al»le 
to run, apparently unaffected by that degree of cold. It is therefore proved that 
these insects possess vitality sufficient to withstand the effect of a temperature be- 
low the freezing point, and perhaps below zero, as must have been their condition 
in these ice-bound husks; but when in the open air, exposed to the sweeping prai- 
rie winds, 15° to 20° below zero for a long time, they succumb to the cold. 

March 7, 1865. — The snow having cleared off from the ground I examined the 
condition of a host of these Chinch-bugs that had chosen for their winter covering 
cord-wood sticks lying on the ground, entirely surrounded by frost and ice. Of 
these 20 per cent, were living; those that were more fortunate in their selection of 
winter quarters fared much better. From a single handful of leaves picked ui:> at 
one grasp from beneath an apple tree I obtained 355 living and 812 dead Chinch- 
bugs; and of their lady- bird enemies that had entered the same winter quarters 
with them, 50 were living and 10 dead. Of these Chinch-bugs I placed a num- 
ber in comfortable quarters in the house in a small pasteboard box— not in a 
stove room — together with some coleopterous insects casually gathered among the 
Chinch-bugs; after one month I found the latter all dead and the former living. 

The entire month of March was rain, snow, thawing, freezing, alternately, seem- 
ing to be very uncomfortable for any living creature to remain out of doors with 
so poor a shelter and on top of the ground. 

_ April 1-6. — I again made repeated examinationS'Of these Chinch-bugs in their 
winter quarters, and found about the same proportion of them living as noted on 
the 7th of March. At this time they wandered away on foot from their winter 
quarters. 

Mr. G. A. Waters, in the Farmer’s Review for October 19, 1887, 
gives the following interesting observation bearing on the same 
point: 

^Gn 1881-’82 I observed a bunch of fodder that had fallen into a 
ditch that the heavy rains had washed near by a shock. The fodder 
had been overflowed with water, which had stood over the fodder 
long enough for a sheet ice to form over it, the water subsiding 
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in a few days and some thaw' occurring, I pulled the stalks out of the 
mud to get the ears of corn off, and in husking the ears found quite 
a number of Chinch Bugs which had been immersed for a week or 
more. On exposing them to the warm sun they crawled around 
lively. ” 

Where they are hibernating in numbers they can often be detected 
more readily by their strong bed-buggy ” odor than by sight, as was 
pointed out by Dr. Riley. Dr. Lintner, in October, 1883, found this 
method of searching for them ^‘ more convenient and infallible than 
looking for them.'’ 

Mr. Bruner calls our attention to the fact that the Osage and other 
brushy hedges in the West are great collectors of leaves and trash, 
blown there by the winds, and that they form exceptionally good 
hibernating places for the Chinch Bugs, which take advantage of 
them in great numbers. So great a nuisance are the hedges from 
this point of view that Mr. Bruner seriously advocates their gradual 
removal and the substitution of a less compact division between 
fields. 

HABITS. 

With the warm days of spring the hibernating individuals issue 
from their winter quarters and copulate. Dr. Shimer has described 
a love-flight which he noticed at this time. The date was May 16, 
1865, and the atmosphere was swarming with Chinch Bugs on the 
wing. As shown by Walsh and Riley (Am. Ent., I, 173), it is prob- 
able that this occurrence was exceptional, and that the insects do not 
normally mate in this way; that the swarming flight was the result 
of a great abundance of the insects. The insect flies in spring and 
fall and also somewhat in late July and early August as the first 
brood becomes winged. In the fall they attain wings as the corn 
hardens and their flight is then the result of a starvation impulse. In 
July and August the flight of the fledged individuals of the first brood 
is not very common, except when they occur in exceptionally great 
numbers. During the past season Professor Osborn observed them 
coupling at Ames prior to July 25, while upon this date he observed 
them swarming in the air, flying past his window in immense num- 
bers and with the wind (southeast to northwest). They were first 
noticed shortly after 1 p. m. J uly 27 they were again noticed on the 
wing, but not in such great numbers as before. They were flying 
with the wind from northwest to southeast. August 3 hosts of them 
were observed on the wing, while others were coupling on the 
ground. Others were observed coupling as late as August 16. 

The majority of the hibernating individuals seem, from the evi- 
dence, to copulate in the spring and without flying, but according 
to Professor Riley many of them make love in the fall preparatory to 
seeking winter quarters, and Mr. James 0. Alwood, of Columbus, 
Ohio, writes that he found them copulating in the field of uncut 
Pearl Millet at the Ohio Agricultural Experiment Station as late as 
October 27,' 1887. 

The eggs of the Chinch Bug, which we have already described, and 
which are figured on Plate I, Pig. 2, are laid in the spring for 
the first brood, and usually underground and upon the roots of 
plants infested. They are, however, often found above ground upon 
the withered sheaths near the bases of the grain stalks, or often upon 
the blades of the leaves. They are deposited in small clusters, like 
those shown upon the plate. 
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Professor Riley says; wheat plant jjulled from an infested field 
in the spring of the year will generally reveal hundreds of these eggs 
attached to the roots^ and at a somewhat later period the young larvae 
will be found clustering on the same and looking like so many moving 
atoms.’’ The eggs are not specially small, and when we consider the 
small size of the female which lays them (Dr. Shimer says that each 
female lays 500) this seems very large, until we reflect that they are 
not all deposited at once, and that after the laying of the first few 
others afe probably developing in the ovaries, for the process of ovi- 
position occupies from ten days to three weeks. It has long been 
known that the eggs were laid in the ground, and an accurate descrip- 
tion was given by Professor Riley as early as 1860. The relative abun- 
dance of the eggs upon the stalk and upon the roots may be changed 
somewhat, as Dr. Thomas has pointed out, by the character of the 
soil. Where the soil is very damp the majority of the eggs 'are 
doubtless laid upon the stalks, whereas if the earth is dry and easily 
penetrated the great majority of them will be found upon the root- 
lets and upon the stalks beneath the ground. 

According to Professor Riley the eggs hatch, on the average, in two 
weeks. The young larvae begin to take nourishment as soon as pos- 
sible after hatching. They insert their beaks sometimes even before 
they emerge from the earth, but more often crawl up the stalk, be- 
fore beginning to pump. They grow with considerable rapidity, 
and swarm over the stalk upon which they were born, walk- 
ing about with ease, and wandering from one stalk to another if oc- 
casion demands. As we have already shown, four molts are under- 
gone before the insect reaches the perfect state, and generally from 
five to seven weeks elapse from the hatching to the final molt. Dr. 
Shimer’s repeated observations show that at Mount Carroll, 111. , the 
imago usually appears in from fifty-seven to sixty days after the 
laying of the eggs and about forty-two days from the hatching of 
the larvse. By the time the majority of the insects of this first gen- 
eration are full grown, or even before, the wheat has become too 
hard to offer them much nourishment, or harvest time has arrived, 
and they begin to migrate in search of food. Neighboring corn- 
fields offer a more tempting diet, and in seasons of great abundance 
they march in numerous colonies, moving by a common impulse 
from the wheat to the corn. Strange to say, although the com- 
moner form possesses wings the insect does not generally take 
flight, but prefers to walk along the ground. Occasionally, how- 
ever, at this time they take wings and scatter. This, however, is 
rarer when the insects are plentiful than when they are compara- 
tively scarce. Under no circumstances will these insects take to 
fliglit to escape danger. 

Dr. Shimer says: ‘^No threatening danger, however im^minent, 
whether of being driven over by grain-reapers, wagons, or of being 
trodden under foot, will prompt it to use its wings to escape. I have 
tried all imaginable ways to induce them to fly, as by threshing; among 
them with bundles of rods of grass, by gathering them up and letting 
them fall from a height, etc. , but they invariably refused entirely to 
use their wings in escaping from danger. ” The migration takes place 
often and, according to some authors, usually before the majority of 
the broods have attained full growth. There are always many im- 
mature individuals among a large host, and often the army is com- 
posed almost e-ntirely of such. In fact, at these times there is apt to 
be a general confusion of so-called larvae, pupae, and adul^, cwing 
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to the fact that some hibernating females oviposit much in advance 
of others and to the other fact, previously mentioned, that a single 
female takes several days or even weeks to lay all of her eggs. Pro- 
fessor Forbes records egg-laying, presumably by hibernating individ- 
uals, from the last week in May (at Decatur) until the last week in J une 
(at Warsaw), thus making certain individuals of the first brood One 
month later in development than others in two localities not far dis- 
tant (140 miles) and of about the same latitude. There are many 
accounts in print which are almost incredible tales of the size of these 
migrating hordes, and yet they are probably only too true. 

Dr. Thomas states that the migration ujoon foot seldom exceeds 80 
rods, but the winged individuals fiy to much greater distances. In- 
stance was given in the Farmer’s Review for August 17, 1887, where a 
little patch of sweet-corn grown in the midst of pine woods in north- 
ern Wisconsin, 8 miles from a cultivated crop of any kind, was badly 
infested with the Chinch Bug. This appearance of the bugs probably 
resulted from the flight thereto of mature individuals. 

It naturally results from the wide difference in the method of 
growth, of the crops that the Chinch Bugs, after migrating from 
wheat to corn, appear to be much more numerous upon the latter crop 
than they were upon the former, in spite of the great numbers usu- 
ally killed in the act of migrating, for a single stalk of corn will be 
obliged to support the Chinch Bugs from a great many stalks of 
wheat. Moreover, the bugs swarm upon the first few rows and de- 
stroy them before invading the entire field generally. The outer 
rows, of course, under these circumstances are often black with bugs. 
The pupae work their way down between the leaves and the stalk and 
there cast their skins and issue as adult insects* The leaf sheath is 
often thus filled with exuviae. The eggs for the second brood are 
also often, if not usually, deposited in this same situation — behind the 
sheaths of the lower leaves— and on hatching the young bugs remain 
there feeding and growing and casting skins, sometimes even until 
the advent of cold weather and their consequent winter torpor. Oth- 
ers issue from these sheaths, particularly when they are especially 
abundant, or, failing to find satisfactory locations on the outer rows, 
take wings and fly to the center of the field and become generally 
scattered. They feed upon the Corn or Rye, as the case may be, and 
upon the surrounding grasses or in the fields of Millet or Hungarian 
grass until the approach of fall, by which time nearly all are once 
more full-grown. Mr. Webster observed them at La Fayette, Ind., 
in August, forcing themselves down into cut stubble of Foxtail Grass 
{Setaria glauca) for the purpose of undergoing the last molt. He 
counted ujDwards of twenty in a single Stalk. 

We may mention in this connection, as reported to us by Professor 
Osborn and also as published in the Country Gentleman for August 
26, 1887, that President Chamberlain, of the Iowa Agricultural Col- 
lege, dug a single root of Hungarian grass at Ames, Iowa, the first 
Aveek in August, upon Avhich were counted 3,025 bugs. Earth was 
removed with the root to the depth of 3 inches (1 inch surface), in 
all about 4 cubic inches. 

In the North the majority of them are ready to hibernate by the 
time the field corn is harvested. Farther South, however, the corn 
grows too hard for them a considerable time before the weather 
is cold enough to compel them to seek winter shelter. In North 
Carolina, as we have already shown, a third brood has appeared by 
the time the corn becomes hard and the bugs seek the Crab-grass and 
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there feed until ready for hibernation, finding in this grass, moreover, 
good shelter for the winter. 

The general statements here given apply to the average Chinch- 
bug year in Illinois, Missouri, and the surrounding States, as the 
articles from which we have drawn our main facts are the results of 
observations made in these States. The life history and habits of 
the species undoubtedly difier considerably in the more southern 
States, where, however, it seldom does much damage. It is very 
doubtful, however, that the habits differ so greatly as to admit of 
the correctness of the statement quoted by Fitch from the Southern 
Planter (XV, 269) that the eggs are laid in the ground in autumn, 
where they remain through the winter and until the warmth of the 
ground the following year pauses them to hatch! This great error 
(at least for the West and Worth) is unfortunately perpetuated by 
Dr. Lintner in his second report as State Entomologist of Wew York, 
p. 153. 

There seems, in fact, every reason to suppose that this was simply 
a guess on the part of the editor of the Southern Planter, without the 
slightest observation to substantiate it. At our request Professor 
Atkinson examined a number of females found near Chapel Hill, 
W. C., in Wovember, but found no evidence of mature eggs. He 
also searched carefully for deposited eggs with, of course, negative 
results. He states that Mr. Thomas S. Weaver, of Chapel Bill, has 
observed the bugs for the past ten years, and states that they never 
deposit in autumn. 

In exceptional seasons and under exceptional conditions the life 
history and habits will vary considerably even in the localities re- 
ferred to; for example, in 1882, according to Professor Forbes’ first 
Illinois report, there was evidently in some parts of the State but 
one brood, and the first young bugs were not seen before July 10. 
The eggs of first brood were in some localities this season laid 
upon corn. 

NATURAL ENEMIES AND DISEASES. 

Insect enemies. — Wo true internal insect parasites of the Chinch- 
bug have yet been found. In fact, very few of the smaller Heterop- 
tera are parasitized except in the egg state. The minute Proctotru- 
pidse belonging to Teleas and Telenomus infest the eggs of allied 
species and may ultimately be found to attack the eggs of the 
Chinch Bug. Outside of these genera, however, we can hardly expect 
any aid from parasitic insects. In this connection, although it 
does not strictly come under this head, we may mention that in 
1885 Mr. Webster found a species of Mermis (^^hair snakes”) among 
the dried moultings and dead bodies of certain Chinch Bugs in a 
stalk of Setaria, which gives rise to a strong probability that one of 
these creatures will be found to infest the bug. Many predaceous 
insects destroy them, although their disgusting odor is probably 
more or le^s a protection. 

Mr. Walsh, in 1861, mentioned four Lady-birds, viz, the Spotted 
Lady-bird {Hippodamia maculata, Flate III, fig. 6), the Trim Lady- 
bird {CoGcinella munda, now called Cycloneda sanguinea, Plate III, 
fig. 4), and two species of Scymnus. In 1882 Prof essor Forbes found 
five species of Lady-birds (including the first two mentioned by 
Walsh) extremely abundant on corn (15 or 20 to a hill) which was 
infested by hosts of Chinch Bugs. The contents of the stomachs 
of a few specimens of each were examined, with the following re- 
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suits : In three specimens of Hippoclamia mactdatano traces of Chinch 
Bugs were founds the food consisting of the spores of lichens, the 
pollen of Rag-weed, and traces of plant-lice. One-third of the food 
of Hippodamia convergens ^Platelll, fig. 7), (5 specimens examined) 
consisted of equal parts of Chinch Bugs and plant-lice. In four 
specimens of Hippodamia glacialis 8 per cent, of the food was found 
to be Chinch Bugs, 18 per cent, plant-lice, and the rest vegetation. 
A single specimen of Coccinella 9-notata had eaten no insect food. 
Three specimens of Cycloneda sanguinea had eaten some j )lant-lice, 
but no Chinch Bugs. From these observations Professor Forbes 
concludes that it is possible that the Lady-birds were attracted 

rather by the stores of fungi in the field than by the Chinch Bugs 
and plant-lice.” 

The Weeping Lace-winged ¥lj {Chryso 2 m ploraPunda, Fitch, Plate 
III, fig. 11), described originally by Dr. Shimer as Chr. lUinoiensis, 
has been found by Dr. Shimer to destroy the Chinch Bug. Professor 
Riley records the fact that the Insidious Flower-bug {Triplileps in- 
sidiosus, Say, Plate III, fig. 12), an insect which is often found in 
company with the Chinch Bug and which has been mistaken for it in 
reality, feeds upon the pest. This is the insect which was sent to Dr. 
Fitch as a Chinch Bug and which he described as Anthocoris pseu- 
dochinche in his second report. Professor Riley also records the 
fact that he has observed the Many-banded Robber {Milyas cinc- 
tu8y Fab. Plate II ■, fig. 8) in the act of preying upon the Chinch 
Bug, and Dr. Thomas considers this insect the most efficient of the 
insect enemies of the pest. 

Two of Professor Riley's correspondents, in 1874, stated that ants 
destroyed the eggs of the Chinch Bugs, but the observation lacks 
scientific confirmation. Professor Forbes, in 1882, observed a small 
ant {Lasius flavus) in extraordinary numbers in fields of Broom- 
corn and Sorghum, and both he and a farmer, whom he does not 
mention by name, made each an independent observation upon an 
ant which was carrying off a Chinch Bug in its jaws, but repeated 
dissections of Ants found in such fields failed to show that they had 
fed on the bugs. 

Professor Forbes, in his 1882 report, adds to the list of observed 
insect enemies a common Ground-beetle — Agonoderus pallipes 
(comma)^ Fabr. (Plate III, fig. 10) of which, upon dissection, one- 
fifth of the total food was found to be Chinch Bugs. This is the 
insect figured upon Plate I of Bulletin 12 of the Division of Ento- 
mology, and which is there stated to destroy seed-corn in the ground, 
so that its beneficial qualities are offset by its injurious tendencies. 

The evidence of Dr. Shimer, Mr. Walsh, and others is quite suffi- 
cient to establish the fact that the Lady-bird and the Lace-winged 
Fly mentioned will feed upon the Chinch Bug, and Dr. ShimeFs evi- 
dence in favor of the latter insect is particularly strong. His tes- 
timony as to the great abundance of the Lady-birds ujv)n corn in- 
fested by Chinch Bugs is, of course, only presumptive evidence of 
their good work in destroying this insect. It is unquestionable, 
however, that the Lady-birds prefer plant-lice to the Chinch Bugs, and 
in at least one instance which has been reported to us, wffien the Lady- 
birds were present upon corn in coiisideivdole numbers and when 
this crop v^as infested by the Chinch Bug, a careful study by the ob- 
server (Mr. Lawrence Bruner) showed that the Corn Aphis w as also 
present and that the Lady-birds were feeding upon these ladter, and 
did not^ so far as he could see^ touch the Chinch Bugs. Professor 
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Forbes’ stomach examinations, previously mentioned, also tend to 
cast discredit upon the Lady-birds as Chinch Bug destroyers. 

Vertebratp] enemies. — Professor Riley published many years 
ago, in the Prairie Parmer, the fact that the common Quail or Bob 
White ” ( Colinus virginianus) was a most efficient destroyer of the 
Chinch Bug, and this fact has since been confirmed by other writers. 

Dr. Edle^' says : ^ ^ In th e winter time, when hard pushed for food, 
they must devour enormous numbers of the little pests, which win- 
ter in just such situations as are frequented by the quail; and this 
bird should be protected from the gun of the sportsman in every 
State where the Chinch Bug is known to run riot.” We may add 
the corroborative evidence of Mr. Bruner, who as a taxidermist has 
had special opportunities for studying the habits of the quail. 

Protect the birds, and, above all, the quails; for they destroy 
countless numbers of hibernating insects of various kinds that are to 
be picked up about the hedges and such like resorts frequented by 
these birds throughout the winter. Although belonging to the 
gramnivorous birds, the quail is essentially insectivorous, except in in- 
clement weather, when the latter are not easily to be obtained. In 
my profession as taxidermist I have dissected many different species 
of birds, in the crops of which were contained injurious insects of 
various kinds, the Chinch Bug among others. In no other instance 
do I remember of the presence of this insect in the crop of a bird in 
so great numbers as in that of the Quail. As a rule but few birds, 
mammals, reptiles, or rapacious insects seem to relish any of the 
odoriferous members of the Hemqitera or true bugs. In winter, 
however, this repugnance is partially overcome, and now and then 
even a Chinch Bug seems a delicate morsel when ^ meat ’ is scarce. ” 

The Prairie Chicken, the Red-winged Blackbird, and other birds 
have been reported as feeding upon the Chinch Bug, and Professor 
Forbes mentions the fact that one Cat-bird, three Brown Thrushes, 
and one Meadow-lark were found in 1880 to have eaten these insects 

in barely sufficient number to show that the birds have no un- 
conquerable prejudice against them. A single house-wren, shot in 
1882, had also eaten a few Chinch Bugs.” Dr. Thomas states that 
the common Frog, according to Professor Ross and others, consumes 
a large number of the bugs. ''Professor Ross goes so far as to ex- 
press the belief that the destruction of these animals by draining their 
natural haunts is one reason why the Chinch Bug is enabled to mul- 
tiply as it does in some seasons.” 

No account of an injurious insect is complete without an enumer- 
ation of its natural enemies, and hence this summary has been given. 
It is plain, however, that the foes of the Chinch Bug are neither so 
numerous nor so active in its pursuit as are those of most of our other 
injurious insects. Almost the solitary exception seems, from the evi- 
dence, to be the common Quail, and on this account the following 
short table has been compiled. It illustrates the months in which the 
shooting of quails is allowed in the States in which the Chinch Bug be- 
comes or may become injurious, and it shows that while these birds 
are in the main tolerably well protected, certain of the States which 
suffeu most from the Chinch Bug might with profit follow the ex- 
ample of Colorado or Dakota and protect the Quail altogether for a 
series of years. 

New York : Shooting of quails allowed from November 1 to January 1. 

Maryland : Shooting of quails allowed from November I to December 24. There 
are, however, in this State, local county laws, some of which allow the shooting as 
early as October 1. 
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Virginia : Shooting of quails allowed west of the Blue Bidge October 15 to Jan- 
uary 1, except ill Rockbridge County, where it is allowed from October 15 to Janu- 
ary 15 ; elsewhere October 15 to January 15. 

Texas: Shooting of quails allowed from October 1 to April 1. 

Georgia: Shooting of quails allowed from October 15 to April 1. 

Wisconsin: Shooting of quails allowed from September 1 to December 1. Ti*ap- 
ping prohibited. 

Michigan : Shooting of quails allowed from November 1 to January 1. No 
trapping or snaring allowed for market. 

Pennsylvania : Shooting of quails allowed from October 15 to January 1. 

Tennessee : Shooting of quails allowed from October 1 to April 1 in Ruther- 
ford, Shelby, Tipton, and Fayette Counties ; September 1 to February 1 in Robert- 
son, Davidson, Lincoln, and Maury Counties ; September 15 to March 1 in Mont- 
gomery and Cheatham Counties. 

Missouri: Shooting of quails allowed from October 15 to February 1. Trapping 
prohibited except by owner of premises. 

Delaware : Shooting of quails allowed from November 15 to January 1. 

North Carolina : Shooting of quails allowed from October 15 to April 1, except 
in counties of Clay, Cherokee, Graham, Henderson, Jackson, Macon, Transylvania, 
Tyrrell, Johnston, Jones, Ware, Onslow, Carteret, and Columbus, in which they 
are not protected; in Currituck County, December 1 to April 1. 

Iowa: Shooting of quails allowed from October 1 to January 1; no more than 
twenty-five quails to be killed in any one day by any one person. 

Dakota : Quails protected absolutely to 1890. 

Illinois: Shooting of quails allowed from November 1 to January 1. Snaring 
and trapping forbidden. 

Ohio : Shooting of quails allowed from November 10 to January 1. Snaring and 
trapping forbidden. In Fulton County quails protected to November 1, 1890. 

Nebraska : Shooting of quails allowed from October 1 to January 1. Snaring and 
trapping forbidden. 

Indiana : Shooting of quails allowed from October 15 to December 20. 

Minnesota : Shooting of quails allovred from September 1 to December 1. Trap- 
ping prohibited. 

District of Columbia : Shooting of quails allowed from November 1 to February 
1. Trapping prohibited. 

South Carolina : Shooting of quails allowed from October 1 to March 15. 

Montana : Shooting of quails allowed from August 15 to November 15. 

Arkansas : Shooting of quails allowed from October 1 to March 1. 

Colorado : Quails protected at all times.- 

West Virginia: Shooting of quails allowed from October 15 to January 1. Snar- 
ing prohibited. 

Kentucky : Sliooting of quails allowed from October 15 to February 1. 

Idaho: Quails protected until September 1, 1887. (Present status of law un- 
kown.) 

New Mexico : Shooting of quails allowed from September 1 to May 1. 

Kansas : Shooting of quails allowed from November 1 to January 1. 

This compilation is drawn up in the madn from an extended abstract 
of the State game laws, published in the American Field for August 
20, 1887, Yol. XXYIII, Xo. 8. 

Diseases. — The Chinch Bug has long been known to be subject to a 
so-called bacterial disease, which occasionally kills it oif . Dr. Shimer, 
in his long article in the Proceedings of the Academy of Xatural 
Sciences of Philadelphia, gives the following account of his observa- 
tions upon this disease in 1865 (Proceedings of the Academy of 
Natural Sciences of Philadelphia for 1867): 

July 16. — A farmer 4 miles from here informed me that a black coleopterous m- 
sect was destroying the Chinch-bugs on hisfarm very rapidly; and although I found 
his supposition to be an error, yet I found many dying on the low creek-bottom land 
from the effects of some disease, while they are yet in the larvae state — a remarkable 
and rare phenomenon for insects thus in such a wholesale manner to be dying with- 
out attaining their maturity — and no insect enemy or other efficient cause to be ob- 
served capable of producing this important result. 

* 'X' -X- -Tf- -X- •?£• ■X- 

On the low ground the young Chinch-bugs are ail dead from the disease above 
alluded to, and the same disease is spreading rapidly on the hills and high prairies. 


i 
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The weather has been very wet since the 1st of July, and the barley above 
alluded to, which I plowed beneath the ground, did not die, but assumed a yelloAv, 
sickly appearance; in its. shady, compressed, unnatural position, the ends of the 
heads project from beneath the furrows. The Chinch -bugs also remained alive for 
a time, but feeding on the sickly grain and shaded from the sunlight, what little we 
had were attacked by disease in the same manner and about the same time as tliose 
on the low creek-bottom lands, meeting very rapidly the same fate, so that very few’' 
of them ever found their way to the neighboring corn. 

July 28. — In the fields where sixty days ago I saw plenty of eggs, and foi'ty-two 
days ago an abundance of young Chinch-bugs, the imago are beginning to develop 
quite plentifully. Great numbers in all stages of their development are dying of 
the prevailing disease. 

August 8. — The majority of the Chinch-bugs yet alive are in the imago state, but 
they are being rapidly destroyed by the prevailing epidemic disease — more fatal to 
them than the plague of Asiatic cholera ever was to man; more fatal than any re- 
corded disease among men or animals since time began. Scarcely one in a thousand 
of the vast hosts of young bugs observed at the middle of June yet remain alive, but 
plenty of dead ones may be seen everywhere, lying on the ground, covered with the 
common mold of decomposing animal matter and nothing else, even when ex- 
amined by the microscope. Even of those that migrated to corn-fields a few weeks 
ago in such numbers as to cover the lower half of the corn-stalks, very few are to 
be found remaining alive; but the ground around the base of the corn-stalks every 
few days is to be found literally covered with their moldering, decomposing dead 
bodies. This is a matter so common as to be observed and often spoken of by farmers. 
They are dead everywhere; not lying on the ground alone, bujt sticking to the blades 
and stalks of corn in great numbers, in all stages of their development — larva, pupa, 
and imago 

August 22 . — It is almost impossible to find even a few cabinet specimens of Chinch- 
bugs alive, so that I am quite sorry that I did not secure a large supply of specimens 
while they were so numerous in former years; for it really appears quite probable 
that even cabinet specimens will be hard to secure, whereby to remember the fallen 
race of the unnumbered millions of former years. 

September 18. — After a whole day’s searching in the corn-fields I have just been 
able to find two larvae and a few imago Chinch-bugs, against the great numbers 
above alluded to in the corn about this time last year. 

* * * * -K- 

It is generally believed among entomologists that insect enemies are the most 
efficient means in nature for exterminating noxious insects; but in this remaTkable 
fact in the history of insects the great epidemic of 1865 (there can be no doubt about 
this being an epidemic disease, because the insects died without attaining their ma- 
turity) we find a greater enemy, the greatest insect enemy ever recorded, a dreadful 
“plague,” that in a few days almost utterly annihilated a race of beings living in 
the northern part of the valley of the Mississippi, outnumbering all the human be- 
ings that have ever lived on this planet since the morning of creation. 

This disease among the Chinch-bugs was associated with the long-continued 
wet, cloudy, cold weather that prevailed during a greater portion of the period of 
their development, and doubtless was in a measure produced by deficient light, heat, 
and electricity, combined with excessive humidity of the atmosphere, whereby an 
imperfect physicffi (“ bug”) organization was developed. The disease was at its 
maximum during the moist weather that followed the cold rains of June and the 
first part of July. The young Chinch-bug spent a great portion of its time on or 
near the ground, where its body was colder than the atmosphere, hence upon philo- 
sophical prmciples there must have been an excessive precipitation of wutery vapor 
in the bronchial tubes. These are the facts in the case, but in the midst of the great 
obscurity that envelope epidemic diseases among men, it would be only idle specu- 
lation to attempt to define the cause more definitely than the physiological laws 
already observed seem to indicate. At all events it will require many years of 
warm, dry summers, and accompanying winters of plenty of snow for protection, 
to re-instate the lost innumerable armies of this insect. 

During the summer of 1866 the Chinch-bugs were very scarce in all the early 
spring, and up to near the harvest I was not able, with the most diligent search, to 
find one. At harvest I did succeed in finding a few in some locahties. 

Professor Forbes took up the study of the Chinch-bug disease in 
August, 1882 , and has published several interesting accounts of his 
results. A short summary was published in his first report as iState 
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Entomologist of Illinois for the year 1882 of the long account of his 
studies and experiments, and it is in such shape that we reproduce 
it here : 

On the other hand, a much more important role is apparentlv played by certain 
obscure pamsites not previously detected. One of these is a minute bacterium {Mi- 
crqcocms insectorum, Burrill) infesting the alimentary canal, closely allied to the 
Micrococcus found in the stomach and intestines of Silk- worms, and now known to 
cause some of the destructive diseases of that insect. From the fact that these 
parasites were extremely abundant in specimens from a field where the bugs were 
rapidly dying, while in those from adjacent fields there were relatively very few, it 
was considered probable that they were related to this destruction of the bugs. 
This conclusion was supported by the fact that they were more abundant in old 
bugs than in young, while the mortality referred to evidently also chiefly affected 
the older individuals. It was found easy to cultivate the bacterium artificially in 
or^nic infusions, but no opportunity offered to apply it to healthy insects. Until 
this experiment is made and the effects carefully studied, it must remean possi- 
ble that the coincidence noted was merely accidental and of no particular signifi- 
cance. 

Another parasite discovered is similar to that well known as a common enemy 
of the house-fly, and belongs to the same genus (Entomophthora,) This attacks 
both old an^ young Chinch-bugs, and finally imbeds their bodies in a mass of mold. 
There is some reason to believe that this was the active agent in an immense destruc- 
tion of Chinch-bugs which occurred in Northern Illinois in 1866, as described by 
Dr. Shimer, of Mount Carroll. Evidence is adduced of the possibility of artifi- 
cially cultivating this parasite also, and applying it to the destruction of insects. 

Since the publication of this report Professor Forbes has taken up 
the study of bacterial diseases of certain other insects, but there has 
been, so far as we are aware, no practical outcome as yet. The subject, 
however, has a rather hopeful look, although we should be inclined to 
expect more from the Micrococcus than from the Entomophthora. 
The evidence mentioned as to the possibility of artificially cultivating 
the latter is chiefly a translation of a paper by Metschnikoff in the Zoo- 
logischer Anzeiger for 1880, pp. 44-47, in which it is shown that the Rus- 
sian naturalist successfully induced the growth of the fungus, Isaria 
destructor had destroyed the celebrated AnisopZm austriaca^Si 
grain pest in Russia, in beer mash. Successful attempts were made to 
infest healthy larvae with green spores taken from diseased larvae found 
in the fields^ but no mention is made of success or even of experi- 
ment with the only practical substance, the beer-mash culture. 

Professor Riley has always doubted the possibility of any practical 
success in this direction, and has pointed out the difficulties in the way. 
(See American Naturalist, November, 1883, p. 1170.) 

In the introduction of the Fourth Report of the U. S. Entomological 
Commission (LXXXV) he makes use of the following language: 

In treating of the use of yeast ferment or other fungus germs we have used essen- 
tially the lan^age of the first edition. Time has only served to confirm us in our 
opinion of their practical futility in the field. The question of the practical use of 
these micro-organisms — these disease germs — as insecticides is a very fascinating one, 
and is much written about just now; but unfortunately it proves most alluring to 
those who have had the least practical experience in coping with injurious insects in* 
the field, and is much more apt to assume importance to the closet theorists than to 
those who, from experience, are conscious of the difficulties involved in its applica- 
bility. 

It will be ajmropos to quote Professor Forbes’ latest utterance upon 
this point. He^says.* 

Finally, the artificial cultivation of the germs of the contagious diseases of the chinch 
bug, with a view to spreading these diseases at will by means of such artificial cult- 
ure. This is a theoretical remedy only, and much additional study and experiment 
will be required to put it on a practical basis. 
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WET WEATHER AND THE CHINCH BUG. 


'I'lie gieat x)Teponderance of ovideiice favors the idea^ now consid- 
ered well established;, that wet weather is inimical to this insect. 
Dozens^ we may almost say hundreds, of instances are on record in 
which the Chinch Bugs, after successfully hibernating in great num- 
bers, have been rendered harmless by a wet spring, and in which, 
having laid their eggs and appeared again as the spring brood with 
greatly increased forces, a spell of rainy weather in early summer 
has caused them to vanish. Hence it follows that dry seasons favor 
the increase of the pest, and careful observation convinced Riley and 


others that after a season of moderate abundance (presumably; there- 
fore, not a wet season) the occurrence of the bugs in destructive num- 
bers the next season depends almost entirely upon the wetness or 
dryness of the ensuing spring. 

The exact method in vvdiicli wet weather accomplishes the destruc- 
tion of the insect is a somewhat disputed point. That it is not 
actual submergence was pointed out by Professor Riley in his Second 
Missouri Report, and still further proven by an observation made by 
Hon. William McAdams and reported by Professor Forbes in his 
first report as Entomologist of Illinois, and which is sufficiently in- 
teresting to quote: ^Hn his vicinity, in Jersey County [111.], they 
[the Chinch-bugs J were extremely abundant in Hie grain early in the 
spring, but were all apparently swept out of the country by a long 
and violent storm. Some days afterwards, when the water had sub- 
sided, ho noticed in pulling over the drift-wood in the river bottoms 
immense numbers of Chinch-bugs among the rubbish, most of them 
still alive and crawling about.’’ 

Professor Forbes also concludes that simple exposure to moisture 
hardly has the effect attributed to rain, from experiments which he 
made as follows: number of hills infested by the bugs weTe suc- 

cessfully transplanted to boxes and variously treated with water for 
ten days. Some selected examples were thoroughly drenched every 
day, both ground and stalks ; in. other boxes only the ground was 
watered; in still others the corn was sprinkled every day, but the 
ground protected, and the remainder were left with only sufficient 
attention to keep the corn alive. During the time for which these 
experiments were continued no appreciable effect whatever w as pro- 
duced upon the bugs infesting the stalks. Those where the corn 
was watered were washed down upon the ground each time, but 
soon dried off and climbed up the stalk. At the end of this time 
the bugs under observation all commenced to disappear indiscrim- 
inately, without reference to the mode in which the corn had been 


treated, and the experiment was thus abruptly closed. Enough was 
learned, however, to show that a succession of heavy daily showers 
for more than a week would have no appreciable effect upon these 
insects in that stage. The weather was warm and pleasant, and the 
condition under which the experiments were carried on made it im- 
possible to saturate the air.” 


So general a conclusion, it seems to us, is hardly warrantable from 
the conditions under which the experiments were made. If ^Hhe 
weather was warm and pleasant, and the condition under which the 
experiments were carried on made it impossible to saturate the air,” 
the effect could hardly help but differ from that of a heavy shower 
in a corn-field, particularly from that of a succession of heavy daily 
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showers for more than a week/^ when there would be considerable 
clondy weather and the atmosphere on the whole would be moist. 

Professor Kiley has mentioned the fact that the larvae and pupae 
are more readily killed by the wet weather than the adult insects, 
but that the latter are also killed. 

Mr. Walsh (Am. Ent., I, 175, 1869) gives the emphasis of italics to 
the following sentence: ^"Ina hot, dry season Chinch-bugs are al- 
ways the worst ; in a wet season it is impossible for them to do any 
considerable amount of damage.’^ Dr. Shinier ’{loc. cit,) in his ac- 
count of the epidemic argued that it was doubtless the indirect effect 
of the wet weather. Dr. Thomas (Bull. 5, U. S. E. C.) expressed the 
opinion that the wet weather gave rise to a minute fungus which is 
the direct cause of the death of the insect. 

Professor Forbes says : ‘ The phenomena connected with the action 
of parasites which I have above described were apparently inde- 
pendent of any appreciable general cause, as they were most man- 
ifest at a time when the weather had been warm, dry, and altogether 
unexceptionable for from one to two months. It is not unlikely, 
however, that wet weather may have the effect to stimulate the de- 
velopment of this parasite, either directly or indirectly — a hypothesis 
which will reconcile all the facts now known, as well as the conflict- 
ing explanations of them which have been hitherto put forth. 

Assuming the dry weather abundance and wet iveather scarcity of 
the Chinch Bug to be proven, Dr. Thomas in 1880 published an 
elaborate article in which, by a comparison of the rain-fall for forty 
years with the destructive appearance of the insect for the same 
period, he not only established a definite relation between them, 
but upon an admittedly somewhat uncertain septenary periodicity 
of rainfall advanced the following practical conclusions : 

The first and very important practical fact revealed is that we may expect at 
most but two Chinch-bug years in every seven, with the strong probability, amount- 
ing almost to a certainty, that there will not be two in succession. As heretofore 
stated, two successive dry years are necessary in order to develop this species in 
excessive numbers ; the rain-fall records seldom show three dry years in succession, 
hence the Chinch-bugs are not likely to appear in in jurious numbers in two succes- 
sive years. The years 1854 and 1855 may, perhaps, form an exception to this rule. 
It is possible that the second brood of the first year may be sufficient to excite alarm, 
but experience has shown that they do but little injury. We may, perhaps, with 
safety assume as a general rule, subject to occasional exceptions, that they will not 
appear more than once in excessive numbers during any of the septenary periods. 

If the facts shown in reference to periodicity in our rain-fall are confirmed by 
future investigations, and this periodicity shown to be a meteorological law of the 
area indicated, the practical advantage of this knowledge to our farmers is apparent 
to every one. By this knowledge they will be enabk‘d to predict with a reasonable 
degree of certainty when to expect these insects, and can rotate their crops so as to 
suffer the least possible injury. This knowledge will also enable them to dispense 
with precautionary measures, except in such years as are likely to be followed by 
the appearance of the bugs. 

Experience has shown, and farmers are now becoming fully aware of the fact, 
that spring whea t and corn a, re the crops that chiefly aid in sustaining and develop- 
ing this pest. Why corn should aid in tliis respect is easily seen, as it is the only 
extensive croji on which the second brood can feed. But why spring wheat should 
aid more in developing them than winter wheat is not so easily explained, but that 
such is the fact must be admitted. It may possibly be accounted for on the pre- 
sumption that the climate of the spring- wheat region is more congenial to them than 
that of the winter-wheat area. 

These facts, combined with a knowledge of the time when the dry seasons are to 
be expected, will enable the farmers to substitute other crops as far as possible in 
place of spring wheat and corn. Even if tlie conclusion in reference to ];)eriodicity 
in rain-fall should prove erroneous, the fact that two successive dry years are neces- 
sary to develop this species in excessive numbers will suffice to give noticje at least 
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one season in advance and allow the farmers to adapt theii' crops to the circum- 
stances. When a dry season comes, and an examination shows that the bugs -are on 
the increase, winter wheat, wherever it is possible to do so, should be substi^ated for 
spring wheat, and oats, as far as i30ssible, for corn. 

t The uncertainty in reference to temperature will, perhaps, always prevent us 
from predicting with certainty that a coming year will be marked by the a^jpear- 
ance of these insects, but we may wnth assurance that a wet year will not be 
followed by a Chinch-bug year. Although this is not all we desire to know in this 
respect, it is nevertheless a very important fact and may be used to manifest ad- 
vantage by our agriculturists. 

It is proper to remark at this point that we have been speaking only of tlie rain- 
fall over the wdiole area designated and tlie general appearance of the Chinch-bug 
over the same area. 

That these insects liave appeared even in injurious numbers in limited localities 
in intermediate years, or times different from those indicated as possible Cliinch- 
bug years, is certainly true. But if tlie theory advanced is correct when applied 
to the area designated as a w hole, it will probably prove true when applied to more 
limited localities. That is to say, if the meteorological record of a given locality 
within this area for a long series of years is examined, it will probably reveal the 
fact that there is a similar periodicity in the rain-fail, though j)ossibly not septenary. 
If this is found to be true, then the farmers of that locahty will have a guide by 
which to rotate their crops and to take precautionary measures. 

It therefore becomes important for each section to keep a record, at least of the 
rain- fall; for this will be of advantage, not only in counteracting the Chinch-bugs 
but numerous other species, and if the periodicity is ascertained, will enable the 
farmers to adapt their cro^Ds as far as possible to the wet or dry seasons. 

In the October (1880) miinher of the American Entomologist (Vol. 
Ill), Dr. Thomas published practically the same article as that above 
qnoted and stated that the bugs would probably appear over the re- 
gion indicated in 1881. He advised in consequence the sowing of 
large areas of oats in 1881. Professor Riley, in his Annual Re- 
port for 1881-^82, page 87, mentioned this prediction and advice 
and showed that the prediction was fulfilled in part at least by the 
occurrence of the bugs in destructive numbers in several Western 
States. With regard to the adoption of Dr. Thomas’ advice, how- 
ever, he pointed out the rather curious fact that Dr. Thomas’ own 
State (Illinois) was the only one of the large oat-producing States in 
which the acreage of this crop was not increased, but was somewhat 
diminished. Dr. Thomas, in the letter of transmittal to his report 
for 1881, announced the fulfillment of his prediction and predicted 
immunity for 1882. Professor Riley (loc, cit.) showed that in spite of 
frequent rains in the spring of 1882, and in spite of the fact that 1881 
was a Chinch-hug y^r, the bugs appeared in great numbers in parts 
of Illinois, Kansas, and Missouri in April and May, but that by June 
the reports were less alarming. The year as a whole was not marked 
by any extensive damage. 

Upon Dr. Thomas’ theory the year 1888 should not be a Chinch- 
bug year, and, while not desiring to encroach upon his prerogative 
as a seer, we are inclined to hold the same opinion concerning this 
season at least. 

Curiously enough, an anonymous writer (J. C. H. S., of Sedgwick 
County, Kans.) in the Prairie Farmer for June 10, 1882, commenting 
upon and criticising Dr. Thomas’ theory, himself predicts that 1887 
would he a year of drought and consequently a Chinch-bng year, a 
much more daring prediction than Dr. Thomas cared to make and 
which has yet been perfectly fulfilled. According to this writer’s 
somewhat arbitrary system 1894 should again bring a severe drought. 

We introduce liere, as hearing upon the rain-fall infinence in the 
interesting North Carolina locality, the following table of tempera- 
ture and rain-fall at Chapel Hill, compiled by Professor Atkinson. 
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It will be noticed tliat while the total rain-fall in both 1886 and 1887 
was greater than in 1885^ that during September, October, and 
iSTov^ember, 1886, and March and April, 1887, was comx-)aratively 
slight, and that during June and July, 1887, high temperature 
occurred with the comparatively heavy rain-fall. 


Table of teiripevature and raAn-f(dl for spring, summer, and autumn, at Chapel 

Hill, N, C., for the years 1885, 1886. and 1887. 


[The temperature is expressed 
in degrees Fahrenlieit.] 


Ti85. 

Highest teiniierature 
Lowest tenipei-ature . 


Rain -fall pnchesh 

1886. 

Highest teiuperature 


1887. 

Highest temperature 
Lowest temperature . 
Mean temperature . . . 
Rain-fall dnches) 
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<1 

75 

Oi 

O -t 

90 

94 

KM 

94 . 

15 

31 

40 

03 

61 

57 

42.3 

55. 3 

66 . 5 

74. 7 

77. o 

74. 8 

3. 5 

fmJ . 1 1 

4. 34 

1.32 

3. 95 

1.98 

80 

93 

98 

93 

98.5 

96 

24 

33 

40 

*>> 

62 

55 

49.3 

.19. 6 

67. 7 

78.3 

76. 9 

75. 9 

4. 97 

5. 99 

4 

6.22 

7. 48 

V 

9.91 

83 

91 

93 

101.8 

103 

92 

26 

28 

45 

49.7 

65.7 

52 

40. 0 

58. 3 

70. 6 

7'4. 7 

79. 8 

74.4 

.3.93 

2.56 

6.59 

6.22 

6. 11 

10.8 


(D 

a 

OJ 


0 ) 

02 


92 

16 

08 

0. 45 


94 

52 

75.9 

2.86 


98 

36 

69 

1.39 


o 

O 


81 
35 
50. 6 
6. 27 


69 

35 

58.6 

1.47 


CD 


CD 

o 


71 
27 
52, 3 
3.81 


77 

24 

49.1 

2.79 


O 


^ o 


o 

H 


24.25 


41.43 


37. 60 


The follovrin^ 
Tliey art; kiiidl} 
the olhcial recoi 
1886, 1887 : 



Stations 


Maryland : 

Baltimore 

Virginia : 

Cape Henry 

Chincoteague 

Lynchburg’h 

Norfolk 

North Carolina : 

Charlotte 

Hatteras 

Kitty Hawk 

Macon, Fort 

Smith vilie (now Southport) 

Wilmington 

Indiana : 

Greencastle 

Indianapolis 

Ohio : 

Cincinnati 

Cleveland , 

Columbus 

Sandusky 

Toledo 


1885. 

1886. 

1887. 

Inches. 

Inches. 

Inches . 

46. 04 

52.11 

43.59 

30. 55 

144 . 76 


41.85 

45. 23 

’*19.74 

46. 35 

51 . 85 

40. 62 

43.25 

54. 33 

47. 72 

58. 35 

64. GO 

51.26 

68. 02 

54. 72 

55. 07 

54. 78 

153 . 98 


62. 34 

147 . 50 


48. 07 

38. 93 

59. 49 

60. 42 

50. 43 

51.47 

50. 11 

331.65 


39. 51 

39. 88 

33.08 

33. 94 

31 . 35 

35. 08 

39. 93 

0 i . o4 

35i36 

42. 25 

42. 39 

30. 25 

34. 23 

31.00 

29. 85 

33. 19 

32.90 

32. 01 


1 Closed December 31, 1886. ^Closed November 4, 1886. 

^Closed June 18, 1887. 
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Stations. 

1885. 

1886. 

Part 

1887. 

Illinois : 

Cairo 

Inches. 

31.99 

Inches. 
37. 98 

Inches. 

26.75 

Chicago . . . 

44.37 

26. ?7 

29.13 

Spriiiglielcl 

38 61 

31.69 

25.15 

Wisconsin : 

La Crosse 

30.70 


17. 37 

Milwaukee : 

32. 58 

31.46 

30. 4j6 

Minnesota ; 

Dnlnth 

19.96 

33.37 

28. 56 

Moor(;head 

22. 68 

20.76 

21.97 

Saint Paul 

25. 33 

22. 89 

25. 85 

Saint Vineerit 

16 58 

15. 04 

18.47 

Missouri ; 

liannar . . 

1 

07.05 

33. 48 

35. 72 

Saint Louis 

45. 59 

■44. 34 

35.30 

Kansas : 

Concordia 

217. 11 

28. 24 

25.26 

Dodge City 

23. 71 

19. 35 

15. 80 

Leavenwortli 

43.64 

22.^15 

37. 05 


1 Ten montlis’ record. 

2 Eight months’ record. 




REMEDIES AND PREVENTIVES. 

The remedies and preventives recommended as late as tire pnblica- 
tion of Professor Piley's Seventh Pept. Ins. Mo. ^ and there consid- 
ered by him, are as follows: Irrigation, burning, trapping, tramp- 
ling, rolling, manuring, early sowing, mixing seed or protecting one 
plant by another, preventing the migration from one field to another 
by upright boards or by plo\ved furrows or ditches, abstaining from 
cultivation of grains upon which the insect feeds. These remedies 
were also treated in detail by Dr. Thomas in Bulletin 5 of the Com- 
mission. Since this although many changes have been rung in the 
agricultural newspapers on these remedies, very few^ entirely new 
ideas have been advanced. W e may mention more particularly, before 
taking up a more detailed consideration of this question, the success- 
ful adoption of the kerosene emulsion for axiplication at the time of 
migration or immediately afterwards. 

Preventions. — Olean OulUvation . — With no insect more than the 
Chinch Bug is there greater necessity for clean cultivation. We 
have shov/n already that the insect hibernates under rubbish of all 
kinds, and that the grass and weeds growing in the fence corn ers and 
the leaves which accumulate there are admirable x)laces for these in- 
sects to collect and winter. Where corn-stalks are left in the fields, 
and where rubbish of any kind is allowed to accumulate, there the 
bugs will surely be found. TJierefore the more thoroughly a field 
is cleaned up in the fall, the more carefully the fence corners are 
weeded out, and the more the bare soil is turned under, the fewer 
will be the chances for successful hibernation. 

Diversified Fain) hin ^^ — It follows from what we have said concern- 
ing food-plants of this insect and the crops most attacked that, frorn 
the Chinch-bug standxioint alone, to say nothing of its other advan- 
tages, the more diversified the system of crops the better chance 
there will be for preventing it. A farmer who plants only Winter 
Wheat, Corn, and small vegetable patches, as is the practice in so 
many j)arts of the West, will always be liable to lose a large share, 
if not all, of his ex|)ected remuneration from the attacks of this in- 
sect. ^^Diversified farming with wheat mainly left out^^ is the edi- 
torial recommendation of the Prairie Farmer (September 17, 1887), 
and is certainly an exemplification of condensed wisdom. 
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The object of the omission of Wheats particularly Winter Wheat, is 
of course to afford as little food as possible for the first generation. 
Similarly the plan has been suggested of abstaining from Corn in 
wheat and other small grain-growing regions, with the purpose of 
affording as little food as possible for the second brood. The result 
of this plan will be that after harvest the bugs will make their way 


to the wild grasses, will disperse more, and vastly fewer v/ill suc- 
cessfully hibernate than if tliere were the usual superabundant sup- 
ply of food for the second generation. 

Rotation of Crops. — From these same facts it also follows, with self- 
evident clearness, thaj: crops attractive to these insects should not be 
sown year after year upon the same ground. This idea is so plain 
as to require no elaboration. Abstaining from the cultivation of 
grain upon which the insect feeds where, in spite of the efforts for 
protection elsewhere mentioned, the Chinch-bug damage is still 
great, will of course end the difficulty. Wheat, Barley, Bye, Hun- 
garian grass, and Millet are all impiu-tant crops, but there are others, 
such as Buckwheat, Clover, Flax, Hemp, all vegetables, and fruits 
which could well be made to take their place for a year or two or 
more if it should become necessary. The one great result of the 
Chincti-bug convention held in Kansas in 1881 was the adoption of a 
resolution to abstain from the cultivation of Wheat from the grow- 
ing cro2:)s, the length of time not being inentioned. As we have 
previously shown, large areas of oats could be successfully grown, 
but in corn-growing regions most small grains must be left alone, 
and, above all. Winter Wheat and Barley. Even without concert of 
action among the farmers of a certain region, it will benefit the 
individual to abstain from wheat and to grow oats in j^ref erence in a- 
year when bugs are expected : but concert of action is far prefer- 
able. 


Rarly Solving and Manuring . — From the evident fact tliat a strong, 
healthy, well-grown plant will better resist tlie attacks of the insect the 
deduction follows that Winter Wheat so wn early, uj)on well-manured 
ground and given careful cultivation vcill be farther advanced in the 
spring and will suffer less from the attacks of the bug. Heavy ma- 


nuring will also cause a denser growth, which exx)erience shows to be 
prejudicial to the bugs. 

Rolling. — The female Chinch Bug in the spring seeks xunferably 
friable ground in whicii to lay her eggs, consequently rolling the 
land in the fall after the crox> of winter wheat is put in will render 
it less favorable to such egg-laying. The same thing may be done 
with even better success after sowing Soring Wlieat. 

Solving an unattractive Crop with Wliecd . — Good results have been 
obtained, as shown by Professor Kiley, by sowing one or two quarts 
of Flax to the acre in the spring among Fall Wheat. It is put in in 
early spring with a light harrowing and rolling. Its growth does 
not materially injure the crop. Flax and Barley have also been sown 
mixed upon the same ground, the seed being separated in cleaning. 
Similarly corn-fields which promised a poor stand have been harrowed 
and sown to Buckwheat. We have already mentioned in our section 
on food-plants the successful ex|)eriment detailed by Professor Forbes 
in sowing Timothy in the fall witli Winter Wheat or Bye, and the same 
author states thai; in southern Illinois the so vGng of Clover in sj)ring 
on Winter Wheat is largely practiced, ‘■'with unquestionably good 
effect, provided that the clover grows freely enough to shade the 
ground by the time the young Chinch-bug gets fairly under way. In 
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tliat latitude, however, lie states that the Clover often makes too slow a 
start to effect this purpose. Professor Riley also states that it is 
recommended to sow one bushel of Winter Rye with each twelve 
bushels of Spring Wheat, either for the same reason or from the idea 
that the bugs will prefer the younger to the older grain. 

Direct winter remedies. — Stress should be laid upon the great 
necessity for concerted work in winter time. 

Burning . — Professor Riley says: can not lay too much stress 

on the importance of winter work in burning corn-stalks, old boards, 
and all kinds of grass, weeds, rubbish, and litter around grain- 
fields, and even the leaves in the adjoining woods, in and under all 
of which the little pest hibernates. 

In almost every locality the insects will be found to have sorue par- 
ticularly favored hibernating place, where they can be attacked and 
burned out.’ The locality studied by Professor Atkinson in ISTorth 
Carolina and pientioned in a previous jiaragraph is a particularly 
good instance. There a little careful search in the fall showed the 
bugs preparing to hibernate in great numbers in the Crab-grass, 
and nothing could be easier in the winter than to burn down every 
spear of this grass in the vicinity of the grain-fields. In the newer 
parts of the West, where unbroken prairie land adjoins fields of 
grain it is advisable to burn over the former early every spring. 
Indeed, this course is an absolute necessity under such conditions. 

Fall Floioing and Ua/rrotving . — After burning, if the soil can be 
plowed and harrowed, the chances for successful hibernation of the 
bugs which escape burning will be reduced to a minimum. In the 
same way, without burning, late fall plowing and. harrowing will do 
much good. 

Gas Lime . — Where gas lime can be easily and cheaply obtained, an 
application of 200 bushels to the acre will prove valuable as a fertil- 
izer, and will destrov such hibernating insects as it mav reach. 

Trapping . — We quote again from Professor Riley: Much good 

winter Avork may be done also in the Avay of trapping the bugs. In 
seeking winter quarters they sIioav a decided partiality "for any flat sub- 
stance, such as old boards that do not rest too closely upon the ground. 
If all old boards that can be obtained are laid around the field in the 
fall in such manner that the larger pa-rt of the lower surface will 
not quite rest on the ground, which of course it will not do if the 
ground is in the least uneA^en or covered Avith grass, the bugs will 
collect under such traps, and during the cold weather of vfinter may 
be scraped from them onto dry straAv and burned.’’ He has also 
suggested that shocks of the corn-stalks should be made at intervals 
throughout the field before Arinter sets in, so as to attract the bugs 
Avhicli will congregate in the shocks, Avhere they can be burned at 
leisure. Almost any inflammable rubbish could be used for this pur- 
pose. In the neighborhood of sorghum-mills bagasse has been used 
with good effect. The piles should not be too large or too compact. 
They should be placed during September and should be burned in 
December. 

Trampling . — The following passage is from Professor Riley : 

^ ^ Where the custom of alloAving cattle to range during the winter in the 
husked corn-fields prevails, even the f cav Chinch Bugs which secrete 
in the stalks are apt to get killed by the feeding and trampling.” 

Direct summer remedies before migration. — As is the case 
with so many other destructive insects, it is not until they are under 
full headway and in the act of doing their greatest damage that an 
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appeal is made to tlie entomologist for relief, and at snch times it is 
usually by far tlie most difficult thing to give any advice. A wheat- 
field full of Chinch Bugs is as' disagreeable a sight to the economic 
entomologist as it is to the farmer who owns it, for nothing can be 
done to save it. If the hand of Providence should interpose with a 
long-continued drenching rain, relief would be gained, but in almost 
no other way can the crops be saved. 

Irrigatuyn . — It was the fact just mentioned which led Professor 
Riley, in his Seventh Rept. Ins, Mo., to strongly recommend irri- 
gation where it can be practiced. He says: ^ irrigation, where it 
can be applied — and it can be in much of the territory in the vicinity 
of the Rocky Mountains, where the insect commits sad havoc, and 
with a little effort in many regions in the heart of the J\Iississippi 
V alley — is the only really available, practicable remedy after the bugs 
have commenced multiplying in the spring. I wish to My particular 
stress on this matter of irrigation, believing as I do, that it is an 
effectual antidote against this pest, and that by overflowing a grain- 
field for a couple of days, or by saturating the g’round for as many 
more in the month of May, we may efi’ectually prevent its subsequent 
injuries. * We can not, at the critical moment, expect much 

aid from its natural enemies, for these are few, and attack it mostly 
in the winter time. We must, therefore, in our warfare with this 
pest, depend mainly on preventive measures vdiere irrigation is im- 
possible.’’ 

Later (Amer. Agriculturist, Dec., 1881, also Ann. Rept. as Ento- 
mologist, Dept. Agr., for 1881-'82, pp. 88, 89) he expressed himself 
even more explicitly upon this subject: 

I have found no occasion to change my opinion as to the value 
and potency of irrigation as a remedy for Chinch-bug injuries, a 
remedy, too, that is within the reach of most farmers; for there are 
few who might not, with the aid of proper windmills, obtain the water 
requisite for irrigating their fields at the needed time, while many 
have natural irrigating facilities. I have repeatedly laid stress in 
my writings on the importance of irrigation in combatting several 
of our worst insect enemies, and, aside from its benefits in this direc- 
tion, every recurrence of a droughty year, such as the present, in 
large portions of the United States, convinces me of its importance as 
a means of guarding against failure of crops from excessive drought. 

I am glad to know that many farmers, and especially small fruit- 
growers in the vicinity of JSTew York, are prejjaring in one way or an- 
other for irrigation whenever it becomes necessary, and I was pleased 
to hear Dr. Hexamer, at the late meeting of the American Pomo- 
logical Society, urge a general system of irrigation as the most profit- 
able investment the cultivator can make in a climate subject to such 
periods of drought as ours is known to be.” 

Burning . — In addition to winter burning the remedy can be used 
to good effect in other cases. For instance, where the attack of the 
bugs appears to be confined to a definite portion of the field, that por- 
tion should be overlaid with straw and burned, if not toolai'ge. An- 
other pertinent suggestion is made by Dr. Thomas in Bulletin 5, U. S. 
E. C., and this has the indorsement of practical use by certain Illinois 
farmers. “ If it is found at the time wlieat is harvested that the 1 )ng;s 
have not taken their departure, as is the case in the winter-vdieat sec- 
tion, this fact may be taken advantage of to destroy a very large portion 
of them. If the wheat is at once threshed and the straw scattered 
over the stubble and burned, it will destroy all or most of those that 



EEPOET OF THE EISTTOMOLOOIST. 


79 


are there. I kno^,v of one section in southern Illinois where this has 
been practiced for a number of years by the German farmers, with 
good results. '- This remedy is very pi*actical and doubtless can be 
used to good elfect under such circumstances. 

The following experiments in burning were made the past season 
at Ames, Iowa, by Professor Osborn, and the account is taken from 
his manuscript report : 


On July 16 thte stubble adjoining a corn-field was observed to contain large num- 
bers of bugs traveling toward Corn. In the afternoon this migration was going on 
quite actively, and as the stubble was now quite dry it was fired with a ^dew of 
destroying bugs remaining in it. W here tolerably thick, and when there was a 
fair breeze, it l)urned readily, but it was necessary to take some pains in carrying 
the flame along past tliin spots to keep it from dying out. A considerable portion 
of the field, however, Vvais successfully burned over, and the dead bodies of many 
bugs not completely consumed, which could easily be found on examining the 
burnt area, testified to the destruction oi hosts of the pests. The bugs thus killed 
were mostly young larvm, the majority of the adults and larger larvm and the 
pupm having already moved out. The number destroyed, however, must, I think, 
have well repaid the little trouble necessary to burn the stubble. 

Early in August the bugs had so multiplied in a field of Hungarian grass that 
no further growth seemed probable, and most of the field was mown and tiie hay 
secured. A narrow strip, however, was left next the Corn, the plan being to burn 
this as soon ns bugs began passing to the Corn. When the bugs started, however 
(August 13), the grass VvCis not dry enough to bum except in spots. In such places 
as would burn, however, hosts of ljugs were* consumed. This strip was at once 
mown, and after drying a fe^v hours another attempt made to burn it, as also on 
the following day; but portions were still too green to burn rapidly, and, unfortu- 
nately for the experiment, the two or three days following were not hot and dry 
enough to render it fit to burn readily. A few days later, however, on a dry day 
with a fair breeze, most of the strip remaining unburnt was burned over, and ex- 
amination showed that great numbers of young bugs remaining were destroyed. 
Bugs, if under ground or secreted in roots of stubble, will not be killed; hence to 
destroy greatest numbers, as well as to secure most rapid burning, the fire should 
be started in the hottest j,>art of a dry day, when bugs in greatest number will be 
moving. t 


Prevention of migration — direct remedies during and af- 
ter MIGRATION. — As lias been so often pointed out, a great deal can 
be done in tlie way of destroying the insects at the time when they 
migrate from the wheat-fields, towards the close of the first generation, 
to Corn and other neighboring crojos. 

Ditching . — As long ago as LeBaron’s first paper and as Fitclhs second 
report, the method of digging a ditch or plowing a furrow around 
the infested field was in vogue. If a plowed furrow is made the per- 
pendicular side should be towards the field to be protected and the 
furrow should he kept friable by dragging a log or brush occasionally 
through it, or, better still, a triangular weighted trough. The 
migrating bugs will fail to climb the side of the furrow and will 
fall back into it, where they can be covered with straw and 
burned. With care and activity the neighboring fields can he thus 
protected. 

A modification of this plan appears in an unplaced newspaper cnt- 
ing in our possession. It is as follows: When they first appear, as 

they usually do, on the side of the corn-field, and before they have 
entered it, cut five or six rovss of the corn and clear the ground; then 
plow a strip of land 8 or 10 feet wide, leaving a deep furrow in the 
center of the same. Then teJve the cjorn-stalks which were taken 
from the land and place them across the dead furrow and the trap is 
complete. When the bugs approach tlie field they will pass in under 
the corn placed across the dead furrow, and, preferring the shade 
and moisture, remain there until the stalks become perfectly dry. 
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when they can be put through a process of cremation that will prove 
effectual in destroying them. Should they first appear in the middle 
of a field of corn (as it not unfrequently happens they do), they can 
be surrounded on the foregoing plan and destroyed in the same way. 
This plan we consider the most practical of any that has come under 
our observation, and is corroborated to some extent by the experi- 
ence of J. W. Martin^ an observing farmer whose experiments are 
given in the Osage Mission (Kans.) Journal.” ^ 

Tarred Boards or Tar alone. — The plan has been adopted and is 
recommended in the reports of Professor Riley and others of using 
common fence boards — 6-inches wide and less — setting them upon edge 
and making a barrier of them around the infested fields, care being 
taken to cover the lower edge so that the bugs would not crawl under 
them. The upper edge is spread with fresh tar, which is occasionally 
renewed. Vast numbers are taken out from holes dug at intervals on 
the hitherside of the barrier in which the marching armies are ^ col- 
lected. Commenting upon this remedy Professor Riley says : ^ ^ W ith a 
little care to keep the tar moist by renewal, the boards may be dis- 
pensed with and the tar poured out of a kettle onto the ground. 
About a gallon is required to the rod, and it should be re- 
newed every other day, oftener when rains prevail, until the 
bugs are destroyed. ” According to Dr. LeBaron ^ this method 
was extensively used in the central part of Illinois, and espec- 
ially in the vicinity of the Bloomington gas-works in 1872. 
He saw the operation performed near Bloomington where the 
tar was poured from an old tea-kettle on the ground along the ex- 
posed sides of a corn-field. This remedy, however, will seldom be 
used on account of its expense, except in such situations as that men- 
tioned, where the tar can bo readily and cheaply procured. 

Solving Strips of Plaints distasteful to the Bugs around the Fields to 
he protected. — This remedy has been urged by certain authors and 
the crops to be used as barriers are preferably Jbdax, Hemp, Clover, or 
Buckwheat. The eifect of this wall be to deter and destroy the mi- 
grating individuals and cause the death of the young ones by star- 
vation. It is, however, not a thorough remedy, and is not to be 
compared with the more direct remedies which cause the almost 
complete destruction of the insect. 

Solving Strips of favored Food around the Fields to he protected .. — ^A 
strip of Timothy, Hungarian grass, or Millet may be sov/n around the 
corn-field to good advantage, wuth the object of entrapping the mi- 
grating bugs by plowing it under and burning the ground over when 
it has become filled with the migrating armies in transit. The bugs 
of the first generation which are full-grown will lay their eggs by 
preference in this protective strip, and these will be destroyed by the 
plowing and burning. 

Hot Water and Soap-suds. — The application of strong soap-suds to 
the insects when gathered upon the outer rows of corn is recom- 
mended by a writer in the Southern Planter many years ago, and 
was also given by Dr. Fitch. Statement is made that a half gill or 
a gill poured upon each stalk Avill kill them all, and that the labor is 
not half so great as a single hoeing of the crop. Hot water has 
been recommended for a similar purpose by subsequent writers. 

Kerosene emulsion. — A new and, under certain circumstances, very 
efficacious remedy for the Chinch Bug Vvms introduced when Professor 
Riley, in 1882, first suggested to Professor Forbes the advisability of 
experimenting with this substance upon this insect. The results of 
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Professor Forbes’ first experiments were published in -Bulletin No. 
2 of this Division (February, 1883), pages 23 to 25. The following 
solutions were used in these experiments: 

Solutions ivitli which dilutions ivere made. — (1) Soap- suds, 1 pound 
soap to 10 gallons water; (2) soap-suds, 1 pound soap to 20 gallons 
water; (3) potash, 1 pound to 50 gallons water.” 

Emulsions as diluted. 

A. 2 parts kerosene, 1 part milk, 45 parts water. . . . 

B, 1 part kerosene, 1 part milk, 18 parts water 

0. 1 part kerosene, 1 part milk, 18 parts solution 1. 

D. 1 part kerosene, 1 part milk, 08 parts solution 2. 

E. 1 part kerosene, 1 part milk, 38 parts water 

F. 1 part kerosene, 1 part milk, 38 parts solution 3. 

G. i part kerosene, 1 iiart milk, 30 parts solution 2. 

All of these were efficacious. Fortunately, at the time when such 
application is to be made, viz, just after wheat harvest, help is abund- 
ant and the work can be done at a reasonable expense. Experi- 
ments made by Professor Forbes show that a simple mechanical 
mixture of 1 part of kerosene to 3 of water will kill the bugs and 
not injure half -grown corn, if it is kept constantly adjected. But 
the original soap emulsion, recommended so often in the reports of 
this Department, and made according to the formula originally pro- 
posed by Mr. Hubbard, wnll be much safer and will do thorough 
’ work. It will do no harm to repeat this formula: 

Kerosene 2 gallons — 67 per cent. 

Common soap or whale-oil soap i pound } qo j. 

Water 1 gallon ( " 

Heat the solution of soap and add it boiling hot to the kerosene. 
Churn the mixture by means of a force-pump and spray-nozzle for 
five or ten minutes. The emulsion, if perfect, forms a cream which 
thickens on cooling, and should adhere without oiliness to the sur- 
face of glass. Dilute before using 1 part of the emulsion with 9 
parts of cold water. The above formula gives 3 gallons of emulsion 
and makes, when diluted, 30 gallons of wash. 

We realize the objections to recommending anything complicated 
in the way of a mixture and of apparatus for applying it, and in 
consequence we may state, as showing that an ingenious individual 
who is in earnest need not be hindered by lack of a proper appara- 
tus for applying this mixture, the experience of Major R. S. Tucker, 
of Raleigh, N. C., as published in the News and Observer and in a 
special bulletin of the State department of agriculture, Raleigh, 
June 29, 1887. His letter stated, in brief, that, having tried a num- 
ber of remedies, he learned of the kerosene emulsion at a time when 
the pest was most abundant upon the outer rows of corn ; not hav- 
ing any force-pump or spray-nozzle with which to churn the emul- 
. sion he whipped the mixture in a large receptacle with a bunch of 
twigs for ten or fifteen minutes and then applied it to his outer 
rows of corn with a common water-sprinkler. The results were ad- 
mirable, and certainly he deserved success for his trial. 

' Another practical test was made by Professor Atkinson, and re- 
ported upon in the bulletin just mentioned, as follows : 

Mr. William F. Stroud, of Chapel Hill, had a field of Wheat which was infested 
with the Chinch Bugs. When the Wheat was harvested they immediately betook 
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themselves to the Corn, which was adjacent. Some of the corn-stalks for 1 foot or 
18 inches above ground were literally black witlythe mass of insects, and. sometimes 
when they could not be seen outside ihey \veie found in great numbers between the 
sheath of the blade and tiie stalk. 

[Here follows the kerosene-soap eimilsio]i formnla just given. | 

I found these proportions made the liquid a little weak, and I diluted in the pro- 
portion of six parts of cold water to one of the emulsion. The applica,tion of this to 
the Corn, June 25, was a perfect success in killing the bugs, and the Corn was ex- 
amined later and was found to have sustained not the slightest injury. '^ 

In my experiment I used a spraying apparatus, manufactured by A. H. Nixon, 
Dayton, Ohio, which consists of a square tank, wliicli has a capacity of 8 gallons, 
with a force-pump hose and spray nozzel attached. This machine (called the Little 
Gem) was placed upon a rough sled made for the purpose, which was drawn be- 
tween the ro'ves by a mule. 

As the spraying apparatus produced too wide a stream to apply the liquid > 
rapidly and effectively to the stalks of Corn, I removed the spraying ijortion of the 
nozzle and used the part which produces a very nariow but strong strt;am (one-six- 
teenth of anincli in diameter). Tlie liquid would run down the stalks and between 
the sheath of tlie blade and stalk, killing instantly tlie hundreds of insects with 
which it came in contact. The two rows wer(' sprayed as far as the stream would 
reach on each side, and then the mule moveil on to stop for another application. 
In this way the Corn was gone over very rapidly. AVhere a force-pump can be ob- 
tained it is better to apply it with tliis, but the no.zzle sliould be very small, so as to 
throw a very narrow stream or spray directly agMinst the stalk. If a force-pump 
can not be obtained, a common watering-pot, with a narrow nozzle, could be used 
very effectively. Several of these could be used , tlie operators going (juite rapidly 
from one stalk or hill to another. 

There is no reason why all should not get rid of the Chinch Bug on Corn, for 
a failure to kill the bugs would arise from some fault in the application, and the • 
application can be made cheaper than a dressing of the Corn could be made with the 
hoe. 

This application was made late in June, and Mr. Stroud reported 
several times later in the season that nothing more liad been seen of 
the bugs, and Professor Atkinson, visiting the field October 17,- found 
no Chinch Bugs in the corn-stalks vAiere the emulsion was used, nor in 
the neighboring Crab-grass. Some were found, however, about 40 
rods away in some late Corn, hut they were few in mimher. 

Professor Osborn’s experiments with kerosene emnlsions, made dur- 
ing the summer at oiir request at Ames, .Iowa, are rej;)orted by him 
as f ollo^vs : 

A number of trials werc> made with kerosene emulsion tirst with a view to testing 
its value under various conditions, and after wai\d for the sake of checking the dam- 
age threatened to Corn. » 

The first trial was made July 15, the emulsion used being the common one, con- 
sisting of kerosene, soaj), and water diluted to about 5 per cent, kerosene. The 
bugs were killed very quick!}" by this application, and great nunlbers of them 
could be reached, but many in particularly secreted places, in folds of leaves and 
under luoq)s of earth, escaped. Thix)\vn on to the leaves and running down 
between leaf and si^dir. it dislodged and killed immense numbers. Tiirown against 
stalks wiiere they were congregated it would quickly dislodge the mass, and while 
it was impossible to see whether all dris^en off in this way were sufficiently wet to 
kill them, it was oertain that most of them were. This application was at the rate 
ot about 1 gallon of emulsion or 12 gallons of the diluted mixture to 5 rows of Corn, 
for 33 rods, or what would equal 5 gallons of emulsion, GO gallons of diluted mix- 
ture to the acre, or a co^t for material of less than. 60 cents per acre. In trials of 
the emulsion diluted to range from 2 per cent, to 7 per cent, of kerosene, less than 
4 or 5 ))dr cent, was found to be unsatisfactory, and at the lovyest figure bugs e\Tn 
when tla> -oughly drenched and ke];-f for a thne in the fluid were able to recover. 

A mixfuje (about 2 per cent., possibly a little less) Avhich killed plant lice almost 
instanLly, allected Chinch Bugs but slightly, if at ail, and they afterward recovered 
and lived in confinement for many days. 

^Professor Atkinson has since written that subsequent tests convinced him that 
one part of the emulsion to nine of water made the mixture quite strong enough.— 

L. O. H. 
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On August 15 applied kerosene emulsion to bugs accumulating on Corn, using an 
emulsion diluted to contain about 6 per cent, kerosene and spraying ^yith cyclone 
nozzle. Gx'eat numbers of bags could be found dead within a few minutes after ap- 
plication, and on the following day hosts of dead could i;e found on the ground 
around the hills treated. In places, however, the stallis had become well covered 
by live bugs that had moved in to fill tiie place of the slain. 

Subsequently the farm department applied it on a larger scale, using 5 to G per 
cent, emulsion, and spraying from barrels in a wagon, one man working the force- 
pump and another maniixulating the hose and cyclone nozzle, walking rapidly 
among the hills of Com and directing the spray upon the masses of bugs. This re- 
sulted in the destruction of great numbers. In this axq^lication the cyclone nozzle 
was found by all means most satisfactory. 

I suggested its trial to some of my correspondents, and one letter received in re- 
ply is of suHicient interest to be noted : 


Cambridge, Iowa, July 20, 1887. 

Dear Sir; Your most satisfactory letter received some time since. The conclusion 
is a success; it was instant death to the Chincli hugs. But it takes so much when 
you Avant to go over 5 or 6 acres that one can not stand the expense. It could be 
stood to go over it once or twice if I could have got the bugs all on the Corn, but they 
\vould a part stay on tlie Corn while the rest would lie under sods and anything else 
that would protect them from the sun. When your letter reached us they had left 
the VV heat (which they fully destroyed), and had gone into the Corn, which they killed 
for ten or twelve rows in some places, and some places not so far. Then they 
scattered over more territory for a time, but now they have left the Corn (almost), 
having fio^vn away, I think. I am under obligations to you for your kindness. 

Very respectfully, 

J. E. Warren. 


Professor Osborn, 

Ames, Iowa. 


• 

The use of kerosene can hardly be expected to prove of value except when the 
bugs are massing on Corn. At this time, application to an acre or two of the field 
next to stubble may do much to save the rest of the field. By arranging nozzles 
with special reference to most efiicient work in corn rows, and while Corn is small 
enough to drive a team in the field astride of one row, I think spraying can be done 
quite thoroughly at a cost of 30 to 40 cents per acre for material. 

A Cyclone nozzle, with pressure sufficient to do good work, discharges alk>ut 1 
pint of liquid per minute. Adjusting three nozzles to play upon one I'ow of Com, 
one each side and one from above, and allowing teams to walk slowly 2 miles pet 
hour, and it will take 30 gallons of liquid per acre, which, using 5 to 6 per cent, 
emulsion, costs about 80 cent s, exclusive of labor, which for ieamand man an hour 
and a quarter v\ oiild be about 10 cents more. Pirst cost of force pump mUst, of 
course, be considered; the cost of labor on the farm, however, where the farmer 
uses^his own team and does the managing of apparatus liimself, might be counted 
less. By using only two nozzles or by driving faster the expense will be lessened. 


BOGUS CHINCH BUGS. 

i ' 

Professor Riley figures and describes in bis Seventh Missouri Re- 
port four species of Heteroptera which are frequently mistaken for 
the Chinch Bug and are often the cause of unnecessary alarm. We 
have reproduced the figures of these species upon Plate III. The first 
is the False Chinch Bug {Nysius angustatus, Uhl, fig. 9), which was 
frequeutly sent to Professor Riley. It is found all over the country, 
and occasionally damages certain crops quite seriously, Grape-vines, 
Strawberries, Potatoes, young Apple grafts, and all cruciferous plants. 
It is also ver^^ fond of Purslane, and, as mentioned elsewhere in this 
report, it is found in California congregating under Polygonum. It 
is the insect which caused the alarm in California in 1885. It was 
originally described by Mr. Uhler under the name given above, hut 
was subsequently redescribed by Mr. William R. Howard as Nysius 
raphani and by. Professor Riley as Nysius destructor^ who cited 
Mr. Uhler’s authority at the time for considering the form distinct. 
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TLe Insidious Flower-bug {Triphleps insidiosus^ fig. 12) is 

It is also a very wide-spread 
insect, and, so far from being injurious, it is one of the compara- 
tively few insects which prey upon the Chinch Bug. 

The Ash-gray Leat-_bug {Piesraa cinerea, Sa^^^ hg. 13) is another 
widespread species which occasionally damages grape blossoms in 
early spring, but lives principally unoii forest trees and shrubs 
This STOcies is also often mistaken forhur insect. 

TheMea-likeKegro-bug (CormcZm/iapcZmaWa, Germ, hg.14) is the 
fourth. Its appearance is more different from tlie Chinch Bug than 
any of the insects mentioned under this head, as is plainly sliown bv 
the figure. ^It feeds abundantly upon the fruit of the Baspberry and 
punctures also the stem of the Strawberry a.nd the blossoms, leaves, 
and fruit-stems of the Cherry and ft is also injurious to cer- 

tain garden flowers and to certain weeds, among which Professor 
Biley mentions Ceanothus cimericanus and Veronica peregrina. 
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1853. Fitch, Asa.— “ ilf/cropits leucoptcrus.^^ 
Plate IV, figs. 2 and 2^. 


2d Rep. Ins. N. Y., pp. 277-297, 


[Gh'e:-; 1783 as date when first known as insect depredator on wheat in ISorth A 

^ occuiTence at several times during next fifty years in such numbers as to nearly desti oy the 
wheat crop: farmers ceased to plant wheat for a couple of yeare as only known remedy , 
alludes to (Irought which prevailed during period of injury, and their destruction by wet 
weather 18 W attracted attention in AVestern States 1840-’44; describes young larvae; 

mentions briefly a number of varieties; gives history of nomenclature; suggests spraying 
infested fields as a practical remedy.] 


1857. SiGNORET, V. — ‘ ‘ Micropus leucopterus,-’ Say . Essai monographique du Genre 
Micropus; Spinoia, Ann. Soc. Ent. de France, V, 3d series, p. ol. 
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[First notice of four Lady bird enemies of tlie Chincb Bug. Figures Hipp. maculata and Coccin- 
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1862. Harris, T. W. — “ Ehyparochromus leucopterus.’' Insects injurious to vege- 
tation. Third ed. , pp. 197-200, llg. 84. 


[See under 1852.] 

1864 Budd, Joseph L. — “Chinch Bugs.” Tiie best way to manage them. Prairie 
Farmer, July 16, 1864 [V. XXX], n. s., V-XIV, p. 36. 
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Review by “Agricola,” entitled “Another word about Chinch-bugs; howto 

use them.” Op. cit., July 23, ji. 52. ■ 4 .- 

Reply to Agricola’s review, by J. L. Budd, entitled “ Chmch-bug. Objection 

to deep covering of spring wheat.” Op. cit. y August 6, p. 84. 

1865. Riley, C. V. — The Chinch Bug. Prairie Farmer, September 19, 1865. 

[Exposes the fallacy of a reported observation by Mr. D. H. Sherman in the Waukegan Gazette, 
to the effect that the eggs are laid upon the wheat^head.] 

1886. Walsh, B. D.—“ Chinch-bugs.” Practical Entomologist, Vol. I, p. 95. , 

[Prints a clipping from Prairie Farmer stating that the “bugs” had been successfully fenced out 
of a field by putting boards on edge around it and coating upper edge with coal-tar.J 


1866. Canada Farmer, December 1.— “ The Chinch-bug.” 

[Occurrence of Blissus leiicopterus hihemating at Grimsby, Ontario; account of habits and sea- 
sons; quotes Prairie Farmer for remedies.] 


1866. Riley, C.V. — “ Chinch-bug.” Prac. Ent., Vol. I, No. 6, p.47. 

[Exposes fallacy of a current theory that the eggs are deposited on the grain and fields become 
infested from its use; gives metho Is of depositing eggs and states that tl 


eratioiis iii iiortlierii Illinois ciiid possibly tbreG in more soutiiern latituuesj 


there are two gen- 


1866. Walsh, B. D. — “ Micropus {Lygocus) leiicopterus.'^ Pract. Ent., Vol. II, p. 21. 

[Notices specimens of short-winged variety from Canada.] 

'1867 Shimer, Henra^. — Micropus {Lygmis) leiicopterus." Proc. Acad. Nat. Sci. 
Phila., Vol. XIX, pp. 75-80. 

[Full journal account of observations during 18G4--''65 in Illinois; conclusions as to caustis of their 
destruction in 1865, p. 334; reference to epidemic.] 

1869. Walsh and Riley. — “ Micropus leiicopterus." Am. Ent., Vol. I, pp. 169-177, 

fig. 122. 

[Popular inferences, past history, natural history, checks to multiplication; review of Dr„ Shimer’s 
prophecies about appearance.] 


Jhtd., pp. 194-199, figs. 138, 139. 

[Predaceous foes of, damages done by, remedies for; summary of four conclusions:. (1) They hi 
hern ate in imago stage in rubbish which should be burned; (3) early sowing in spring is 
an advantage; (3) compacting tlie soil acts as preventive; (4> heavj^ rams always injure or 
entirely destroy them.] 

1869. Packard, A. S., Jr. — Blissus leucopter us." Guide to tne Study of Insects, 

pp. 543, 544, fig. 547. \ 

[Describi-s imago, life history, injuries of, epidemic dtee£Kes of 18f)5; hr]']dta? 

and at summit of Mount AVashington; notices the theory that wet eather during breeding 

season is destructive to them.] 

1870. Riley, C. V. — Micropus leucopterus." 2d Rep. State Ent. ]Vio. , pp. 15-37, 

figs. 1 and 2. 

[An extended account and the best yet published ; discusses past history , 

^ tive powers, heavy rains, natural enemies, amount of damage, remedies, and bogus Chinch 
Bugs.] 
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1871 . Glover^ Townend. — ‘ ‘ Rhypdrockromus {Micropus) leucopterus. ” Rep . Com. 

Agr., 1870, p. 89. j 

[Refere to ob^rvations of others as to depositions, of e^gs, etc.] 

1872. Bethune, C. J. S.— “ Micropus leucopterus.'' Pop. Ent. Soc. Ont., 1871, p. 55., 

[Refers to accounts of early history, habits, enemies of, nattiral remedies, etc.] 

1872, LeBaron, Wm. — ''Micropus leucopterus.'' 2d Rep. State Ent. 111., 1871, 
pp. 142-156. 


[Estimates loss from depredations current year in Illinois, $10, 500, 000; treats of their prevention 
Q/Ud destruction under hve heads: (1) Natural enemies, (2) early sowing, (3) preventing migra- 
tions, t4} destroying by burning rubbish, (5)‘cease cultivating the affected crops.] 

t 

1872. Glover, Townend. — “ Rhyparocliromus leucopterus." Rep. Com. Agr., 1871, 
p.84. 

[Merely refers to its injuries in Western States, and mentions salt being used as a remedy.] 

1872. LeBaron, Wm. — “ Chinch-bug.” Experience of 1872. Prairie Farmer, 
August 24. 

[Believes that a sufficient number of these insects hibernate under dead leaves in the woods to 
peiT)etuate the species; also that the wet spring of 1872 destroyed large numbers of the 
Chinch Bugs,] 


1874. Glover, To\vnenp, — "Micropus {Bhyparochrornus) leucopterus." Rep. U. 
S. Comr. Agr., 1872, p. 121. 

[Mentions injuries in Western States to Corn, Wheat, Sorghum, etc. ; three broods reported observed 
in Missouri.] 


1874. Johnson, B. F.—“ Chinch-bug.” Country Gentleman, Vol. XXXIX, p. 661. 

[Abmidant in central Illinois; stock was poisoned by eating fodder; suggests sowing plats of 
noxious plants, tobacco, nightshade, henbane, stramonium, hemp, etc., to assist in checking 
their ravages.] 


— ‘ ‘ Micropus (Rhyrmrochromus) leucopterus. " Rep. Com. 
Agr., 1874, pp. 127,128. 

[Gives locahties in Southern and Western States where reported as injurious.] 

1875. Riley, C. V. — "Micropus leucopterus." 7th Rep. State Ent. Mo.,pp. 19-50; 
Appendix, pp. 51-71, figs. 2, 3, and 4. 

[R^sumS of previous history; full descriptions of various stages; natural history; extended ac- 
count of injuries in 1874; exhaustive discussion of preventive measures and remedies; men- 
tions irrigation ; predaceous enemies. Appendix, correspondence of farmers,] 

1875. Riley, C. V. Locusts Chinch Bugs. N. Y. Weekly Tribune, August 4, 

1875. j > b . 


' [A letter from Lyons, France, remarking upon the abundunce of Chinch Bugs and allaying fears 
as to great destruction by them.] 

1876. Uhler, P. R.— “ Blissus leucopterus." List of Hemiptera of the region west 
of the Mississippi River, including those collected during the Hayden Ex- 
pl'M'ations of 1878. Bulletin U. S. Gecl. and Geog. Sur. Terr., I, second series. 
No. 2, p. 806. 

[Mere mention, with a list of localities.] 


1877. Packard, A. S., Jr. — "Blissus leucopterus." 9th Rep. Geol. and Geog. 

Sur. Ter., 1875, pp. 697-699, fig. 4 and map. 

[Refers to its destructiveness in the Western States; quotes estimates of different State entomoh 
ogists; notices briefly soine of the remedies for.] 

1878. Thomas, Cy^Xjs. — "Blissus leucopterus." 7th Rep. State Ent. 111., pp. 

40-71, 2 figs. 

[R6sum6 of history, natural history, descriptions, etc.; two brooded in northern Illinois, possibly^ 
three in southern Illinois; remedies and general discussion of same.] 

1879. Riley, C. V. — Entomological notes. The Chinch Bug.” Farmer’s Review 

(Chicago), February, 1879. ■ 

[Discusses weather influence and advances parallel between Rocky Mountain Locust and Chinch - 
Bug; review of life history and summary of facts from Seventh Mo. Rept, ; prediction of 
bugs in 1879 if weather prove dry,] 

1879. Thomas, Cyrus.— Blissus leucopterus." Bull. U. S. Ent. Com. No. 5. Ten 

figures, maj) showing distribution. 

[Exhaustive r^sum6 of present knowledge, with facts concerning injuries ; natural history; pre- 
daceous enemies; full discussion of preventive and remedial measures.] 

1880. Kansas State Board of Agriculture. — Quarterly report for the quarter 

ending June 30, 1880. Topeka, July 20, p. 61. 

[An account of damage to sorghum cane by the Chinch Bug.] 
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1880. Thomas, Cyrus. — Temperature a:iJ rain-falj as affecting the Chinch-bug. 
Am. Ent., new series, Yol. I, pp. 240-242,. with diagram. 

[Condensation of his theory aVx vut periodicit.y of seaf or'is ot and their relation to appearance 

, of this insect. J • * 


1881. Thomas Cvrus.— “ The relation ot 

opment.” 10th Rep, State Ent. lU., pp. 


oiogicai coii Jitions to insect devel- 
47-59, with diagram. 


[Discusses theory of septenary cycles of meterological conditions; believes it possible to predict 
with considerable certainty the season when Chinch Bugs will appear in injurious numbers.] 


1881. Riley, C.V. — Am. Nat., October, p. 820. 

[Calls attention to the verification of Prof. Cyrus Thomas’ prediction that this would be a bad 
Chinch-bug year.] 

1881. Riley, C. V. — Am. Agriculturist, November and December, 1881. 

[Reviews hatural history and remedies, and discusses the practicability of irrigation as a remedy.] 

1882. Howard, L, O. — Rep.U. S. Dept. Agr., 1881-82, p. 137. 

[Mentions it as infesting rice affected by “white blast.”] 


1882. Riley, C. Y. — “Chinch-bug Notes.” Rej).Com. U. S.Dept. Agr., 1881-'82, 
Pff. 87-89. 

[Calls attention to Professor Thomas’ prediction of injury during 1881, and the fact tiiatitwas 
partially fuhiiled; discusses briefly remedies and methods of prevention.] 


1882. Forbes, S. A. — “ Bacterium, a parasite of the Chinch-bug.” Am. Nat., Yol. 
X YI, p.824. , 

[Account of discovery of parasitic disease among Chinch Bugs.] 

1882. Forbes, S. A . — “ Blissus leucopterus.'’ 12th Rep. State Ent. 111., pp. 32-63, 

Fig. 6. 

[Gives full account of observations on life history, etc., for the year; insect enemies; a new insect 
enemy; bird enemies; account of observation on a bacteriulTi parasite; expeidments in 
drenching with water under artificial conditions not fully carried out; report of experiments 
with topical applications.] 

1882. Riley, C. Y. — “The Chinch-bug.” Am. Agriculturist, p. 476, 3 figs. 

[General account of habits and natural history; meterological conditions affecting.] 


1883, Lintner, J. A. — Cir. No. 1, N. Y.St. Mas. Nat. Hist. 

[Directions for arresting Chinch-bug invasion <jf inxrtiiern New York.] 

1883. Lintner, J. A. — “The Chinch-bug in New York.” Country Gejitleihan, 
November 8, 1883. 


« [Directions for co-operating among farmei*s to prevent ravages coming year.] 

1883. Forbes, S. A. — “ Experimetits on Cliinch-bug.” U. S. Dept. Agr., Div. Ent., 
Bull. No. 2. 

[Memoranda of experiments vita kerosene eniul.sic/j and mixtures made at suggestion' of Prof. 
Riley; loiiinl tbcun qmte effecti\ e.] 


1883. Forbes, S. A. — Entomological notes of tlio st:ason. State Dept. Agr. Cir. 106, 
Illinois crops for 1883, p. 177. 

[Notes the deposition of eggs for first brood on the roots of Indian corn.] 

1883. Saunders, Wm . — ^'•Micropus leucopterus.' Rep. Ent. Soc. Ont.,pp. 59-62. 

[Account of appearance in New York; quotes from Lintner.] 

1883. Riley, C. Y. — “ Chinoii-bug in New York.” Science, Yol. II, 1883, p. 621. 

[Cites facts to show that their appearance in New York is not an invasion, but extraordinary de- 
velopment of the species, dependent upon cUmatie conditions.] 


1884. Riley, C. Y. — “ Tlie Chinch- bug Ir New York State.” American Naturalist, 
January, 1884, XVI II, pp. 79, 80. 

.[A reprint of an unplaced article in Seientine American criticising Dr. Lintner’s conclusions as to 
reasons for alarm in northern New York.] 


1884. Lintner, J. A. — Thirty-seventh Ann. Rep. N. Y. St. Mus. Nat. Hist., pp. 53-60- 

[Not seen,] 

1885. Bruner, Lawrence. — “ Blissus leucopterus.^^ Rep. Com. Agr. 1884, p. 399. 

[Cites an instance where large numbers disappeared immediately after a heavy rain.] 

1885. Riley, C. Y. — “ Chinch-bug Notes.” Rep. Comr, Agr. 1884, pp. 403-405. 

[Refers to occurrence in New York, and considers that there is no cause for alarm; predicts they 
will attract no further notice.] 

1885. Forbes, S. A. — Ent. Calendar. 14th Rep. St. Ent. Ilk, pp. 4, 5. 

[Notes on life histoiy for year 1884.] 
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1885. Lintnee, J. a. — “ Blissus leucopterus.” 2d Rep. State Ent. N. Y., pp. 

148-164, figs. 37, 38, 39, and 40. 

[Account of its occurrence in northern New York; r(§sum6 of its history, life history; remedial 
measures employed and recommended.] 

1886. Hunt, Thomas F. — Blissus leucopterus.^' Bibliography of insects injurious 

to corn. Misc. Essays on Economic Ent., Ill, St. Bd. Agr., 1885. 

1886. W EBSTER. F. M. — “ Blissus leucopterus. ” Insects alf ecting fall wheat. Rept. 
of Ent. , Ann. Rept. Comm, of Agr. , 1885, p. 818. 

[A brief record of Chinch-bug observation.^ during the season; records a Mermis as a possible 
parasite.] 

1886. Forbes, S.A. — “Chinch-bug in Illinois.’’ Circular of information from the 

office of the State Entomologist. 

1887. Bruner, Lawrence. — Notes of the season. Bull. No. 18, Dlv. Ent. , U. S. Dept. 

Agr., pp. 34, 35. 

[Brief notices of their appearance in Western States m 1886.] 

1887. Forbes, S. A. — The present condition and prospects of the Chinch-bug in 

Illinois for 1887-'88. Bull. No. 2 of the State Entomologist. 

[Speaks of ravages for three years past, life history, food-plants; preventive remedial measures ex- 
haustively discussed.] 


THE CODLIHG MOTH. 

{Carpocapsa pomoneUa, L.) 

Order Lepidoptera; family Tortricid.e. 

[Plate II.] 

By L. O. Howard. 

INTRODUCTORY. 

Tlie Codling Moth is another of those important insects which have 
a vast newspaper literature and the habits of which are tolerably 
well known to most persons who suffer from their attacks, hut of 
which there is, in present accessible form, no complete account. At 
the instance of Professor Piley, who has turned over to me all his 
notes and scraps, this article is therefore prepared, and its purpose 
is to bring into one readily-accessihle article a revie^v of the life 
history and a somewhat extended account of the remedies. Some 
new facts are introduced, and the latest experiments are summarized. 

There is no insect injurious to fruits in this country, with the sin- 
gle exception of the Plum Curculio, which has been written about so 
largely as the Codling Moth. We had proposed adding a biblio- 
graphical list of the American writings, as in the case of the Chinch- 
hug, but soon found that it would consume altogether more space 
than could be alloAved. Peferences to the articles consulted will, how- 
ever, he found in the text. The most important of them have been 
Professor Piley’s, in the first, third, fourth, fifth, and sixth reports on 
the insects of Missouri; LeBaron's, in his second report as State En- 
tomologist of Illinois; Dr. Trimble’s, in his Insect Enemies of Fruit 
and Fruit Trees ; and the more recent ones, treating of remedies only, 
by Chapin, A. J. Cook, and Forbes. 

The^ familiarity of fruit-growers with the habits of the Codling 
Moth is hardly to he wondered at, in view of this multiplicity of lit- 
erature, and to this familiarity is due the gradual improvement of 
the appearance of the apples found iii market of late years. Before 
the use of the arsenical remedies it was a difficult thing for a single 
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fruit-grower to grow comparatively wormless apples without com- 
bining in the use of the band system with the orchardists of a neigh- 
borhood, on account of the inevitable restocking from adjoining 
orchards. ISiow, however, with the poisoned spray, the individual 
may keep his apples nearly perfect, no matter how careless his neigh- 
bors may be. The poisoning has the additional advantage over the 
bands that it prevents the damage of the brood to which it is applied, 
while the bands only capture the worms after they have done their 
damage, and thus lessen the numbers of the succeeding brood. 

As in the preparation of the previous article, I have had free access 
to Professor Riley’s notes, and to those of the Division. 

\ 

GEOGRAPHICAL DISTRIBUTION. 

The Codling Moth is originally a European insect, although it is 
now cosmopolitan. All of the European works on garden insects 
contain accounts of this species, which is called in most of the older 
ones Tortrix pomonana. It is an insect which is comparatively 
easy of - importation from one country to another, on account of its 
wintering in the pupa state and of the habit which the larva? have 
of creeping into crevices of all kinds to spin their cocoons; so that 
in trees, and more particularly in the cracks of the craters or boxes or 
barrels in which apples are shipped from one country to another, the 
insect finds a hiding-place and the little moth eventually appears. 
It has thus found its way all over the United States, making its first 
appearance in California, at Sacramento, in 1874. It is found in 
nearly all of the English colonies, in South Africa, in Uew Zealand, 
in Australia, and in Tasmania. There is no record of, its occurrence 
in South America, although, in spite of the fact that it is a northern 
insect in appearance, it is found equally in Siberia, so far as apple 
culture extends, and in the sub-tropical region of northern Van. Die- 
man’s Land. In many of the English colonies it has only recently 
appeared, and the investigations and reports of special committees 
and the laws and regulations which have been enacted concerning 
it in these colonies would fill a large volume. It was introduced into 
America certainly before the beginning of the present century, but 
it is impossible to fix anything like an exact date. 

THE INSECT POPULARLY DESCRIBED. 

The larva is whitish when young, but becomes pinkish or fiesh- 
colored as it approaches full growth (Plate II, figs. 1 and 5a). When 
young the head, is blackish, but in the full-grown larva it is brown, 
with darker markings along the sutures. The shield on the back of 
the first segment is of the same color as the head. The body is fur- 
nished with a few very smalt hairs, which arise from minute elevated 
points, of which there are eight on each segment, two on the back 
each side of the middle line, and a somewhat larger one above and 
below each spiracle. The full-grown larva is from 15 to 18 milli- 
meters long. 

The cocoon is white inside and grayish outside, usually covered 
somewhat with bits of bark or minute fragments of whatever sub- 
stance the worm happens to spin on. The inclosed pupa i Plate II, 
fig. 2) is yellowish brown, with rows of minute teeth on the back of 
the abdomen. 
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The motli (Plate II, figSi 3, 4, and 5) expands abont 20 milliinjeters, 
and its general effect is grayish brown. Examining closely, we 
see that the fore- wings are marked with alternate irregular trans- 
verse streaks of gray and brown, and that there is a large, 
rounded tawny spot on the outer hind angle. This spot is marked 
with streaks of bronze or gold, and there are similar streaks just 
above it. The hind wings are brown, grading from light to dark 
from base to tip. The two sexes can be distinguished by a black 
pencil of hairs on the upper surface of the hind wing of the male 
only. This pencil is not easily distinguished, but is always present. 
It was first pointed oat by Zeller in 1870, and arises not far from the 
base of the wing, near the median vein. It runs in a furrow., which 
is noticeable from the under side as a slight keel. This tuft not only 
separates the male from the female,. but distinguishes pome yreZ/a from 
all other species of CarpoGapsa, although it is found with the males 
of certain other genera (see Zeller in Stettiner Entomologische Zeitung, 
1871, p. 55; ami Riley, Third Kept; Ins. Mo., 103). 


HABITS AND NATURAL HISTORY. 

The habits and natural history of the species are practically the 
same the world over, although in England and Northern Europe, in- 
cluding Prussia, it seems to be single-brooded. In America it is two- 
brooded far north into Canada and in the South it is three-brooded. 
In Austria it is two-brooded, and its habits seem precisely the same 
as they are in this latitude. Attention has been called to the fact 
that in colder climates the cocoon is thicker than in warmer conn 
tries, but beyond some few differences of this sort the insect lives 
in the same way everywhere. The round of its life may be briefly 
summed up as follows : Soon after the blossoms have fallen and the 

fruit has begun to set, the moths issue from their cocoons in which 
they have wintered and which are usually situated in cracks in the 
bark of the timnk of the tree, when they pair and lay their eggs at 
the apex of the forming fruit.. In the little crumpled-up spot caused 
by the falling off of the calyx the eggs are hidden, sometimes two 
or three to a single apple or pear. The eggs are laid sometimes vipon 
the smooth cheek of the apple and sometimes in the hollovv- at the 
stem, but these are both unusual. The young larvae on hatching eat 
their way immediately to the core of the apple, where they live and 
, grow, casting their skins four times, and excavate large and irregu- 
lar cavities in and around the core, sometimes first eating the seeds. 
Their excrement is blackish and stains the cavities, which are also 
still further rendered unpalatable by the threads of silk which the 
little larva spins wherever it goes. 

Usually the castings are pushed out through the hole by which 
the larva originally entered, and which is enlarged for this purpose 
from time to time. The infested apples can be detected thus by the 
mass of excremental pellets issuing from the end. 

The larvse reach full growth in about four weeks from the time of 
hatching, and the infested apples now begin to fall to the ground. 
The larva now bores a hole to the side of the apple and, issuing, crawls 
about for a suitable place to spin its cocoon and transform. In the 
great majority of instances it returns to the trunk of the tree, and 
crawling up some distance hides itself in a crevice under some par- 
tially detached bit of bark, where the thin, slazy-looking cocoon is , 
spun. Occasionally the apples do not fall, and in this case the larva 
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on issuing crawls down the trunk instead' of up, and usually spins at 
a higher point, nearer the crotch or even above it. The pupa state 
or this generation lasts but a. short time, usually not more than two 
weeks. The moths then issue and br'gin to lay eggs for the second 
geiierutioji. It is estiinatcs moLh lays about fifty eggs, and 

these are developed rather slowly, so that the period of ovijDosition, 
extends over ten days or two weeks. Dr. LeBaron found, on dissec- 
tion, that while there were on an average fifty tolerably well-devel- 
oped eggs in the ovaries, there were many others undeveloped, so 
that the number deposited by each moth may be increased. 

Irregularity of development, combined with this slow oviposition, 
produces the overlapping of generations noticed in so many insects, 
and which becomes more prominent in insects which have several 
broods. About the same time full-grown larvae, young larvm, eggs, 
and pupae will be foand. .So great does this irregulaxaty occasionally 
become that motlis of the first brood do not issue until on in Sep- 
tembei,', and wlien tin-: ap}>]es are picked they often contain larvse only 
recently hatched. Sucii indiviLluals are retarded, of course, in their 
growth by cold weather, and we have occasionally found larv 83 in eat- 
ing apples as late as the middle of January which vrere less than half 
grown, and one living specimen was brought to us in January 1888, 
which had not passed its second molt. It is quite likely that such 
individuals Avill successruil^' transfonn, and we believe that the ap- 
pearance of their moths will not be greatly retarded beyond those of 
larvae which spnn their cocoons normally in the fall. 

Seldom more than one larva is found in a single apple. When 
two are found they will nsnally he found to be of differing sizes, 
thus indicating that the eggs were laid t)y different moths. When 
of the same size, however, it has been noticed that originally the 
apple hung closely appressed. to a;nrdlier, and tliat both larvae, orig- 
,inally intended for different apples, by accident entered tlie same. 
Dr. S. i'\ Cliapin, to whose careful examination of over three thou- 
sand infested apjoles we have reforrod in our section on remedies (see 
also Rej^ort Second Annual State Gciivcntion California Fruit-grow- 
ers, 188.2 [1883], page 18), found in this large number of apples con- 
tgiidng the pest but tw(riily-f()iir. wb ich contained two lar van each, 
and one only wliicdi contained thr* o larvae In but two apples were 
two larvae found in the same cavity. The instinct of the moth which 
leads it to avoid apples already oviposited in and to dep.osit but one 
egg on a single apple is modified in confinement, and also probably 
wherever the moths occur in excess of the food supply. Professor 
Riley, in his manuscript notes, mentions that he placed a single apple - 
ill a breeding- jar with a number of moths, and that in a few days it 
was fairly riddled with young larvae. The moth is a night flier and 
conceals itself by day, and as the ovijjo^ition is done by night it is 
seldom observed. Unlike most night fliers it is not readily attracted 
by light and is seldom captured by poisoned baits, as will be shown 
in another section. 

The larvae of the second generation are usually found in the later 
varieties of apples, and fewer of these fall to the ground in conse- 
quence of the insect than is the case with the early varieties. Many 
of the larvae reach full growth before late fall and seek the same 
places for pupation as did the early brood. The cocoon of this brood 
IS thicker than, that of the first, as is to be expected, for in it they 
pass the winter. Often the crop is harvested before many larvae 
have escaped for transformation, but the worms complete their 
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grovv^th in the picked apples and issue ^‘ust as though they had-staid 
upon the tree, spinning their cocoons in this case in the barrel cracks 
or in any suitable dark niche or cranny at hand. After spinning its 
cocoon it does not immediately transform to pupa, but remains in 
the larval state within the cocoon until nearly spring, and in this 
inclosed hibernating condition it is by no means passively dormant, 
as Professor Piley observed during the winter of 1867-’68 that each 
time he cut open a cocoon to observe the condition of the larva it 
fastened up the incision. 

An apparent exception to the rule that the insect hibernates as a 
larva was observed on certain specimens received at the Department 
November 15, 1883, from Mr. M. B. Newman, of Wyandotte, Kans., 
and which were already in the pupa state on receipt, and in fact 
when sent (November 12). From these pupse, which were kept in 
a comparatively warm room, two moths issued January 8, 1884, and 
two more January 14. The same gentleman stated, on the authority 
of Mr. P. B. Armstrong and other orchardists near Wyandotte, that 
large numbers of dead Codling Moth larvae were found under the 
loose bark of the apple trees during Octooer, and which had doubtless 
been killed by the cold drenching rains which prevailed at that 
time. W e were unable to secure specimens for identification, how- 
ever, and the statement must remain unverified. 

The cocoons of this brood are often found between the staves and 
hubs of apple barrels. Hundreds . can be sometimes found in such 
locations. 

It may be of interest to state that in North Germany, where the’ 
insect is single-brooded, the moths make their appearance and de- 
posit their eggs from the middle of June on into July. 

FOOD PLANTS. 

Although the Codling Moth is above all an apple pest, it is quite a 
general feeder, and is found in other seed fruits of the same family, 
such as pears and haws. The stone fruits of the family Posacese are 
less infested than the others, although it is sometimes found quite 
abundantly in peaches, and instances are on record showing that it 
does considerable damage to plums in some localities. Apricots are 
4lso infested. It has also been found in Europe in all of these fruits. 
Outside of the fruits of the family Posaceae, however, it is not known 
in this country. 

There are, however, several European records of the occurrence of 
this insect in walnuts and oak-galls to which we may properly give 
some consideration. The first of these records appears in a paper by 
Laboulbene in the Annales de la Societe Entomologique de France, 
5th series, Yol. I, 1871, page 295, from which we translate the follow- 
’ ing paragraphs : 

■^^The shell of the nuts deprived of the green envelope shows often 
at the point of attachment a blackish hole. The two halves separated 
show the kernel gnawed and a great quantity of brownish grains 
made by the excrement of a larva. Moreover, the substance of the 
nut or the kernel has in places a dark tint, and occasionally the tis- 
sue has been spoiled, shriveled, or covered with mold. Finally, in 
several fruits I have noticed on careful examination silk threads 
among the brownish excremental pellets. 

‘ ‘ I found two whitish worms of medium size with chitinous head 
and six legs, which are certainly caterpillars. ’ I attributed to these 
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silk threads and the excrement which filled the injured nuts. 
The orifice in the hilum of the huts was also produced by these cater- 
pillars in the act of leaving the fruit to transform outside. 

But there was also, besides the two caterpillars, a great number of 
' reddish maroon pupae, which, could only belong to a dipterous insect. , 
These were found everywhere in the cavity of the spoiled nuts. At 
the end of two weeks there issued a number of small black flies. 
These all belonged to the same species (Siphonella nucis) which M: 

E. Perris made known for the first time in our Annales more than 
thirty years ago, accompanying his work by numerous figures. 

‘ ^ I have not seen the larvae of the Siphonella, but M. Charles Robin 
has seen them in the wormy nuts. These larvae transformed to pupae 
during the journey from the Department of the Ain to Paris. 

confided to the care of M. J. Fallon the two caterpillars 
mentioned. One of them after pupating produced Carpocapsa po- 
monana. 

* In my opinion the larva of Siphonella nucis lives upon 
spoiled material, perhaps upon the excrement of othef larvae, and 
is not to be relegated to the same rank as the Carpocapsa for the dam- 
age which it causes. M. Perris has distinctly stated that it is not a 
parasite ; it lives by the damage done by the Carpocapsa, which is in 
reality the principal author of the injuries which render the nuts 
worm-eaten. 

The fact that this insect was a true Codling Moth rests entirely 
upon the determination of Mr. Pallou. On referring to the bulletin 
of the same society for December 27, 1871, page 85, we find that La- 
boulb^ne stated that the specimen bred by Mr. Fallou was destroyed - 
during the sack of the city of Chateaudun by the German army. In 
speaking of it he makes use of the following somewhat significant' 
sentences: •‘^This Lepidopter was so near Carpocapsa pomonana, ' 
Hubner {pomonella, L. ), that it was referred to this species. However^ 
to make sure, Mr. Fallou sent it to Mr. Guen^e, who is so great an 
authority upon such matters. We know what became of the speci- 
men. In order to state positively that the lej)idopterous insect inju- 
rious to walnuts is the same as that which injures our apples it will 
be necessary to raise a great number and so determine it irrefutably. 

I call this fact to the attention of comjpetent entomologists.” 

Even in this state of comparative doubt, however, the fact seems 
to have been accepted by other entomologists. The record is quoted 
without question in the Zoological Record for 1871,. page S80,. 

Ill the Entomologists Monthly Magazine, Vol. XY (1874), page 
13, Mr. C. G. Barret states that Mr. W. West ^Gells him that he has 
reared the perfect insect [(7. pomoiiella] from a larva which he found 
feeding in a walnut. Without intending a slur upon Mr. Wests com- 
petency, we may simply draw attention to the fact that this determi- 
nation does not seem to have been verified by any well-known ento- 
mologist. ■ 

Jn the bulletin of the Societ(i Entomologique de France for May 
,10, 1876, Mr. Ragonot makes the similar statement that this insect 
has been reared from walnuts, although he does not give it as a per- 
sonal observation, and it is probably simply a reference to Mr. Fal- 
louh rearing. 

The probability of a uniformity of habit in this species must be 
our excuse for endeavoring to show that these observations are not 
well supported, and we may refer to the fact that a closely allied 
, species (Carpocapsa • putaminana, Stand.) seems to be quite well 
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'kiio’wn to feed upon walnuts in tlie wa 3 y^ desoiabed Laboulb^ne in 
Brusca, Andalusia, s in Itnly, also in Austria. The larva of this 
insect was taken by Zeller while in Italy for that of pornoneUa, but 
in the Stettiner Entomologische Zeitung for 1871, YoL XXXII, pages . 
55, 56, he states that it belongs rather to Staudinger’s putamiuana. 
This, of course, immediately suggests the jiossibility of a mistake in 
determination on the part of Messrs. Fallon and West. The Fallon 
specimen has been destroyed as above stated, but if the West speci- 
men is still in existence we would urge the importance of examina- 
tion of it upon English entomologists. 

The oak-gall observation is recorded by Eagonot {loc. cit.). It 
seems that Mr. Bonnaire had collected a number of oak apples (galls 
of Cynips quercus-folii) in the autumn, and that in the following 
spring there appeared a single Codling Moth in addition to the usual 'i 
tenants of these galls. Mr. Bonnaire affirmed that his box contained 
nothing but these galls. Ragonot makes no commeiits upon this 
statement, but his silence seems to accept the fact. It seems to us, 
however, rather unlikely, audit is possible that the Carpocap^a larva 
in seeking a place to spin its cocoon liad either found its 'way into a 
broken gall before the collecting, or, emerging from a phcked apple, had 
found some crevice in the box a convenient place for its cocoon. We 
can hardly believe that it fed and developed on the gall substance. 


NATURAL ENEMIES. 


Almost all orchard birds will feed upon the Codling Moth in one 
state or another. The Woodpeckers and the Creepers and the Black- 
capped Titmouse which run up and down the bark of a tree find the 
cocoons in the crevices and quickly rob them of the inclosed pupae. 
The Downy Woodpecker {Dr'ijohates puhescens) and the Chickadee 
{Parus atricapiUus) have been shot by Trimble* and proven by their 
stomach contents to feed upon the Codling Moth larva. 

A hair snake {Mermis acmtiinata, Siebold) has been found by sev- 
eral observers in this country coiled around in the core of infested 
apples, and undoubtedly infests the larva of the Codling Moth. 
Professor Riley lias five specimens from this source, varying from 5 
to 8 inches in length. This species, which is considered by certain 
European authors as but a parasitic, non-sexual form of Mermis 
albicans, has been taken from several different insects in addition to 


the Codling Moth (see 1st Rep. U. S. Entomological Commission, 
1877, p. 327). It was first determined f om the apple-inhabiting in- 
dividuals by Dr, Leid^y^ (seeProc. Acad. Xat. Sc. Phil., XXYII, 1875, , 
p. 15), who had mentioned the same worm in the proceedings of the > 
same society for 1850, p. 117, as obtained from a child’s mouth. In 
his 1875 paper he explained this latter occurrence on the ground that 
the child liad probably eaten an infected apple. This Mermis has 
been taken also by Mr. P. H. Foster, of Babylon, L. I., directly 
from Codlim^f Moth larvae found concealed under bands. 


Of true hymenopterous parasites at least three species have been 
recorded in Europe and two Iiave been bred in this country. The 
European species are Phygadeuon brevis, Grav. , Pachymerus vul- 
nerator, and Campoplex pomorum, Ratz., all Ichneumonids. The 
species which infest it in this country are also Ichneumonids and. are 
Piinplaanriulipes, Br., (Plate II, Fig. 7,) and Macrocentrus delicatus, 
Cress., (Plate II, Fig. 8.). Both of these insects were first reqorded 
by Professor Riley, who reared them from the Codling Moth in Mis- 
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souri in 1872. Tlie Pimpla is quite a ^\dde-spread species in all parts 
of tlie country aiid is not by any means confined tu the Codling 
]\i^oth. Professor Riley has recorded it from the Walnut Case-bearer 
(Acrobasis juglandis) and has also reared it from the Cotton W orm 
of the South (Aletia xylina) and from GTapholitha olivaceana, Riley, 
Coleopliora cinerella. Cham., Orgyia leiicostigma, Har., and an un- 
known leaf -roller on Ash. It does not seem to spin a cocoon, but eats 
its way out of the pupa in which it has transformed, usually coming 
out of the anterior part. 

Recently it has been sent ro us from Alameda, Cal. , where it was 
reared from the Codling Moth pupa by Mr. Koebele. The Macro- 
centrus is, so far as we know, confined to this one host. It is appar- 
ently a more efficient destroyer of the pest than is the Pimpla. We 
have seen large series of individuals in several collections and it is 
as common at the East as it is in the West. It spins a tough brown 
cocoon within that of the Carpocapsa. 

There are a great many predaceous insects which feed upon the 
larvEe while they are searching for suitable places to spin up, and 
upon the pupae, which are poorly protected by the delicate cocOon. 
hTone^ so far as Aveknow, seek the larva in the apple. Professor Riley 
states that the Pennsylvania Soldier-beetle {Cliauliognathus pennsyl- 
vanicus DeG., Plate III, fig. 15) and the TAVo-lined Soldier-beetle 
{Telepliorim hilineatus. Say) in their laiwal states feedupon the larvae 
of the Codling Moth after they have issued from the apples. He also 
mem ions the fact that the larvae of a species of Trogosita also helps 
in this good work. Dr. LeBaron treats of this insect at some length, 
but of late years it has not been found. The species has never been 
determined. Mr. Koebele^as recently sent us from California two 
Dermestid beetles, which are stated to destroy the pupae of the 
Codling Moth, These are Trogoderma, tarsal e and Perimegatoma 
variegatum. Experiments made indicate that they will kill the 
chrysalids in confinement, but as to destroying them in the open air 
on trees we have no absolute evidence. Mr. Keobele has, however, 
been instructed to make close observations upon this point.- An un- 
determined Soldier-bug was observed by Mr. G. W. Shaw, a corre- 
spondent of Dr. LeBaron’s, who states that he has actually observed 
the bug to pierce an apple with its beak and draw out the apple- 
worm, which, however, is a statement which may be taken with a 
great deal of alloAvance. An unbred and undetermined coleopterous 
larAm was received by Professor Riley in 1874 from Prof. A. J. 
Cook, Avith the statement that it fed upon both larvm and pupae of 
Carpocapsa pomonella. This larva, according to Professor Riley’s 
notes, bore a close resemblance to that of the Clerid Necrohia 
rufipes — the Red-legged Ham-beetle. 

REMEDIES. 

Under this head we shall discuss only such methods as are of con- 
siderable practical utility, not dwelling upon the methods AAdiich have 
been proven by experience to be of little aAmil. The remedies liere 
considered, viz, the destruction of windfalls — feeding and tramp- 
ling — the use of sheep and hogs, jarring or picking, confining; the 
moths which issue in store-rooms, store-houses, or barns, the bandage 
traps, and the use of arsenical mixtures, are all simple and more or 
less efi'ective. In a badly-infested orchard all could be used to good 
advantage. * 
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Th^ destruction of windfalls. — Feeding and trampling — 
THE USE OF SHEEP, AND HOGS; — TMs remedy is one of the oldest in 
use and may be used with good results. There is no question but 
that a great many of the larvee which fall with the apples, which 
we have- elsewhere shown constitute the larger proportion, are de- 
stroyed by stock pastured in this way. W e can do no better under 
this head than re-produce one of the best of the many accounts by 
men who have tried this method. This is a statement by Mr. J. S. 
Woodward in the New York Weekly Tribune for June 9, 1880: 

‘^My apple orchard covers 32 acres of ground, and in addition to 
making a run for some 30 hogs, I have during the past two years 
kept from 150 to 200 sheep and lambs in it during the summer. I 
have just brought the sheep (May 21) and turned them in for this 
season. Of course that amount of land, if it was in good seeding 
and free from trees, would not pasture so much stock, but in addi- 
tion to the pasture, I feed enough grain and wheat bran to keep 
them in such condition that the lambs shall be large enough to wean 
in July, and the sheep sufficiently thrifty to at once accept the ^ buck 
after weaning the lambs, and thus drop their next lambs for early 
winter feeding next winter. 

^^This, I find, costs me less than to hire the same number pastured 
by the week, and being croAvded they eat eA^ery fallen apple as soon 
as dropped; for the latter purpose I find sheep much better than hogs, 
for while the hogs sleep so soundly as not to hear an apple drop if 
only a few feet aAvay, a sheep never sleeps, so that it is on hand for' 
every apple as soon as it touches the ground. 

I let them run here until time to gather winter fruit, and although 
they Avill eat a few apples and a feAV twig* from the ends of the lower 
limbs, as they bend doAvn with the load of fruit, I find my fruit each 
year growing fairer, with less and less wormy apples, and my trees, 
manured Avith the feeding of so much grain, are looking remarkably 
healthy and are productive. To prevent their gnawing the smaller 
trees I Avash the trunks with a solution of soap-suds, whale-oil soap, 
and sheep manure about once each month, and besides I give the 
sheep a constant and full supply of fresh AA^ater ; this is A^ery im- 
portant, for in hot weather they get very thirsty, and Avill eat the 
bark from the largest trees even, unless they have plenty of water. 

like this manner of treating my orchard very much. What it 
would cost me to hire the sheep pastured each week will buy at least 
600 pounds of bran and 400 pounds of corn, making an aggregate 
each summer of over 10 tons of the very best kind of fertilizer for 
an orchard. For the money I pay for feed I get my sheep kept in 
the finest condition, have the lambs growing finely all summer, and 
have the whole amount of feed bought (which is worth all it costs for 
that purpose) scattered about the orchard in the best possible con- 
dition and manner. Thus, you see, I prove that it is perfectly prac- 
ticable to ^ eat my cake and have it, too,’ or, in other words, to get 
twice value received for the money invested, besides having the Cod- 
ling Moth successfully trapped.” 

Where it is inconvenient or impossible to pasture sheep or hogs in 
an orchard, the immediate collecting of Avindfalls by hand, in Avhicli 
the services of children can be utilized, is often a valuable adjunct . 
to the use of the band system. 

Jarring or picking infested fruit from the trees. — The 
plan of jarring the trees or of knocking off or picking the infested 
•fruit has been practiced by some orchardists with considerable sue- 
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cess. It is, however, a laborious method when compared with either 
the band system or with the early spraying of the trees, and is only 
of practical utility in very small orchards, or where only a few 
choice trees are to be protected, as in a door-yard. Mr. Oliver Chapin, 
of East Bloomfield, N. Y., as reported by Professor Riley in his 
Fourth Report on the Insects of Missouri, p. 2G, was accustomed to 
send two men with poles through the orchard, who directly tapped 
those apples from the tip of which the excrement of the worm, could 
be seen- exuding. A boy collected the apples and afterwards threw 
them into a stream or into a kettle of hot water. This was done 
from the middle of July on. Professor Riley urged a general jar- 
ring of the trees with a rubber-tipped mallet or pole earlier in the 
season, and also suggested boiling the fruit and feeding it to hogs. 

Mr. Barnes, of Bloomingdale, 111., according to Dr. LeBaron, 
adopted the method of picking off the apples which appeared to be 
infested, by means of a wire hook attached to a long pole, and pick- 
ing with the aid of ladders was resorted to as supplementary to the 
destruction of windfalls and the use of bands by Dr. Chapin in Cal- 
ifornia, as Ave have related in another section of this article. 

Killing the Moth. — Although the destruction of the moth has 
received some attention, there is really but one suggestion to make 
which is of any importance, and that is as folloAvs: 

Inasmuch as many apples are picked in the fall before the Avorms 
have emerged for pupation, the larA^ae must spin their cocoons 
in or near the receptacle in which the apples are stored for the 
Avinter, and consequently the moths must issue in spring in con- 
siderable numbers in the cellars or store-rooms Avfiere the fruit is kept. 
Flying out through open windoAVS or doors, they naturally make 
their Avay to the orchard and start a numerous progeny. It becomes 
necessary then in May, June, *and July, and earlier, according to 
locality, to keep the doors and Avindows of such store-rooms tightly 
closed, or, better still, fit them with Avire screens. 

Observations made during 1882 by Miss Alice B. Walton, at Mus- 
catine, Iowa, showed that the insects Avintering in cocoons in apple 
barrels in the cellar remained in the larAm state, in one instance at 
least, as late as June 29, upon which date it changed to pupa. The 
moths emerged in her cellar from June 27 to July 13, although at the 
latter date outside AA^orms from early out-door moths had become full 
grown and the apples' had begun to fall. From two apple barrels 
she raised '^betAAmen three and four dozen moths,'’ which Avell illus- 
trates the necessity for some measure to preA^ent their escape. 
Where it is possible and easy, changing the barrels and treating the 
old ones Avifh hot Avater Aviil accomplish the result and avoid the 
necessity for screens, and barrels which liaAm been emptied during 
the winter should ahvays be so treated. 

The observations on this point made by Mr^ F. C. DeLong, of 
Marin, Cal. , are of great interest and place in the strongest light the 
necessity for a thorough scalding of the barrels, boxes, or crates, and 
of screens for the AAfindoAvs of the store-house or barn. It seems that 
on the Kovato Ranch there are 31,000 trees on 250 acres of land, and 
that the Codling Moth Avas not noticed there until June, 1881, Avhen 
Mr. MatthcAA* Cooke discoAmred a single pupa. Later the fruit was 
gathered and carried into the apple house, A^ery feAv affected apples 
being noticed. During the AAunter months Mr. DeLong had mos- 
quito netting put over all of the AvindoAVS, and nailed up all of the 
doors except one, the key of which he put in the possession of a 
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trusty man. The moths began to ap]3ear about the middle of April, 
and up to May 27 , 2,671 had been killed and counted. From May 28 
on a daily count was kept, and the moths issued in great numbers 
until nearly the end of August. The number caught and killed 
altogether by Mr. DeLong’s assistant was 15,627, and the highest 
catch for a single day was 990 on June 15. * It transpired, moreover, 
in the discussion of this statement, that a large number of bats were 
accidentally shut into this same apple house and that) doubtless 
many additional Codling Moths were killed by these insectivorous 
creatures. 


The accounts of the capture of the moths with baits of diluted vin- 
egar and molasses and with other similar substances and at light, 
which have occasionally appeared, are probably the results of mis- 
taken identity, as are also in all probability the accounts of the capt- 
ure of the moth by iplants of the genus Physianthus, which have 
recently attracted much attention in New Zealand and California. 
The insect-catching properties of the flowers of the different species 
of Physianthus have long been known, but we very much doubt 
whether Codling Moths are ever extensively caught by these flowers. 
Dr. Le Baron observed the moths feeding upon moist sugar and slices 
of apple in confinement, but they have never been found frequenting 
flowers or feeding out-of-doors in a state of nature. Professor Piley 
has treated of the Physianthus plant in the Transactions of the Saint 
Louis Academy of Science, vol. Ill, p. cxv, and in the American En- 


tomologist, vol. Ill, p. 75 (March, 1880), and we may add that he now 
states, after fifteen years’ experience with this plant, he has never found 
that it has captured* a Codling Moth, CA^en Avliere grown close to apple 
orchards. Officially attention was called to this Physianthiis matter 
by J. T. Campbell, United States consul at Auckland, New Zealand, 
who was interested in it through Dr. Cheeseman, of the Auckland 


Museum, with whom the various reports published the past summer 
by the Country Gentleman, Prairie Farmer, and other papers orig- 
inated. After receiving Mr. Campbell’s dispatch through the State 
Department we wrote him, urging him to make certain, in the first 
place, that there were actual Codling Moths among those captured 
by the flowers, and, in the second place, if there were such, to ex- 
amine them carefully to determine whether they Avere males or 
females, and if the latter, Avhether they had oviposited. Mr. Camp- 
bell replied that, while he could state positively that the moths found 
in the floAvers were Codling Moths, no examination had been made 
to determine sex or the relation of the time of capture to time of 
OAuposition. We have since received a very large number of speci- 
mens from him, but among them not a single Codling Moth and not 
CA^en a single Tortricid. All were unrecognizable Noctuids and Pyra- 
lids. It is proposed to train these vines up the trunks of api)le trees 
with the surmise that the flowers, by capturing the moths, will pro- 


tect the crop. 

In summarizing the whole question of the possibility of attracting 
the moth we can not do better than quote the two following para- 
graphs from Professor Riley’s Fourth Rej^ort on the Insects of 
Slissouri, p. 27, as it so effectually answers the many published sug- 
gestions to the effect that such remedies are practicable: 

/ “1 have elsewhere given it as my decided opinion that neither fires, 

lights, or bottles of SAveetened AAmter, vinegar, or of any other liquid. 


‘ See Official Rep. 2d Ann. State Conv. Cal. Fruit-growers, San Francisco, 1683, 
p. 21. 
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can be used with any degree of success in fighting the Codling Moth, 
and I have good reasons for so doing. During one whole summer, 
three years ago, I had a patent moth-catcher constantly in a garden 
surrounded by several old popple trees badly infested with this insect, 
and I never caught a single specimen of Carpocajjsa pomonella. The 
trap was made of bright tin, with an inverted cone so placed in a 
basin that I could attach a light .and fill the basin with sweetened 
fluid. Again, during the summer of 1870, I was in the habit of 
working till late at night in an of&ce surrounded by apple orchards 
known to be badly infested. I worked by the aid of two large 
kerosene lamps, each having a strong reflector, and the light in the 
room was so bright as to form a constant subject of conversation 
among the neighlDors. Insects of one kind and another would fly 
into the room by hundreds, and on certain warm, moist evenings 
would boat against the windows with such rapidity as to remind one 
of the pattering of rain. Yet, during that whole summer I caught 
but one or two Codling Moths in that room, and there was more 
reason to believe that they had bred in the house than that they were 
attracted from without. 

‘ ^ At the same time I had hung up in an orchard close by, many wide- 
mouthed bottles, half -filled with various liquids, such as diluted 
sirup, sugar water, tod vinegar more or less diluted. Every two or 
three days these bottles would contain great numbers of insects, 
which were critically examined. Many of them would be small 
moths of one kind and another; some of them larger moths, known 
to be injurious, and many other insects — such as beetles, true bugs, 
wasps and two-winged flies — that were beneficial. Indeed, there were 
almost as many beneficial as injurious species, and, as I shall presently 
show, the only two species yet known to prey on Carpocapjsa pomo- 
nella were among the more numerous victims of these hanging bot- 
tles. From my notes I find that but three. Codling Moths were caught 
in these bottles during the summer. Indeed, so small is the propor- 
tion of Codling Moths which I have caught by the above-mentioned 
process, that the chances of their accidentally flying into such situa- 
tions are about as great as of their being attracted. I might add fur- 
ther experience on this head, but it is unnecessary. Upon shelving 
specimens of the Codling Moth to many dozens of eminent and intelli- 
gent fruit-growers who have had to do with apple orchards, and con- 
sequently with apple worms, most of their lives, I have seldom found 
one who did not candidly confess that he had never before identified 
the insect; and under these circumstances it is not surprising that 
other similar moths should have been mistaken for the genuine article. 
The moth is, therefore, occasionally caught in such traps, and in 
the face of other intelligent testimony the fact can not be denied, 
though the experience on this head of non-entomologists is conflicting. 
But whether we consider that the few so caught are really attracted, 
or are captured accidentally, I believe that the methods indicated have 
no practical value. They are blind ways of shirking the more sure 
and efficient remedies. 

“■‘ I have been thus explicit as to these would-be remedies because 
my statement Mhat the Codling Moth was not attracted (^to any ex- 
tent) by light’ has been recently quoted by Mr. J. W. Robson as an 
evidence ‘ that scientific men don’t know everything.’ It would be 
strange indeed if they did, and I have already labored under the im- 
pression, somehow or other, that they "vvere the last to claim any 
such universal knowledge, and that it was the charlatan alone who 
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was blessed with the kiiowdedge of everything. In the latest work 
on apple culture that; has been given to the public, namely, ‘ The 
Apple Culturist, with illustrations, by S. E. Todd,^ we naturally 
look for all that is new and important about this insect vdiich cuts 
such a figure in apple culture. Alas! what do we find? The de- 
scriptive part is a petdect plagiarism, almost word for word, from 
an article in the American Entomologist (Yol. I, pp. 112-114), all 
palmed off as original ; while under the head of remedies, he con- 
cludes his advice as follows : ‘ By keej)ing the bottles containing 
sweetened water and the pan half filled with thin molasses, wdth a 
lighted lamp near it in the orchard every night, in good order, almost 
every insect will be trapped in a few days,’ and this excellent (!) ad- 
vice is accompanied by an illustration of a shallow pan with a kero- 
sene lamp on one edge of it, and 'fiies’ as thick as a swmrm of bees 
around it, ” 

Trapping the avokm — bandages, shingle traps, etc. — The fact 
that the larva of the Codling Moth preferably seeks shelter under 
loose bark and in crevices on the trunk of the tree before spinning 
its cocoon long ago gave rise to the practice of affording it for spin- 
ning artificial shelter, wrhich can be readily examined and in Avhich 
the insect can be readily destroyed. The first notice of the adoption 
of such a plan which we have found is by Mr. Joseph Burrelle, of 
Quincy, Mass., published in the blew England Farmer (Vol. XIX, 
1840), in which he says, according to Harris, ""that if any old cloth 
is wound around or hung on the crotches of the trees the apple- 
worms will conceal themselves therein, and by this means thousands 
of them may be obtained and destroyed from* the time when they 
first begin to leave the apples until the fruit is gathered.” 

To Dr. I. P. Trimble is generally given the credit for the discovery 
of the hay band so long used for this purpose, and it is generally 
known as the ""Trimble hay -band system.” It is a natural out- 
growth of the practice mentioned by Mr. Burrelle. Dr. Trimble, in 
1862 or 1863, found an old boot-leg in the crotch of a neighbor’s pear 
tree, and upon examining it he found 16 cocoons of the Codling Moth 
in its folds. This started Jiis experiments, which w^ere made with 
leather (chamois skin), old carpet, cloths, and hay rope. His exper- 
imentation resulted in his unhesitating recommendation of hay rope 
wound around the tree in three coils at some little distance from the 
ground. He also advised the application of other bands to the larger 
limbs. The rope Avas fastened as tightly as it could be pulled, and 
in examining it he simply pushed it up the trunk, replacing it after 
destroying the cocoons. 

Professor Biley, in his First Report on the Insects of Missouri, laid 
dowm the following rules concerning the hay-band system: ""First, 
the hay band should be placed around the tree by the 1st of June, and 
kept on till CA^ery apple is off the tree; second, it should be pushed up 
or down, and the Avorms and chrysalids crushed that were under it 
every week, or at the very least every tAvo Aveeks; third, the trunk 
of the tree should be kept free from old rough bark, so as to give the 
Avorms no other place to shelter; and, fourth, the ground itself should 
be kept free from rubbish.” In his fourth reportne adAuses apjilying 
the bands tAvo weeks prior to June 1. 

In his fifth report he describes a band someA\diat superior to the 
simple strip of 6-fnch Avide canvas mentioned in his fourth. It con- 
sisted of a strip of old sacking 4 inches Avide and lined on one 
side with pieces of lath, tacked on transversely and at such a distance 
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from each other that when brought around the tree they formed an 
almost complete wooden ring. ' ' 

The Wier shingle trap was patented and put on the market in 
1870 or 1871. It consists of three shingles placed at a slight distance 
from each other on a large screw, Yvdiich is to be forced into the trunk 
of the tree. The idea is that the worms descending or ascending the 
tree and meeting the shingles Avill crawl between them. The shingles 
being mounted on a screAA^ can be easily turned apart and examined. 
This trap is mentioned on account of the interest Ayhich it aroused 
at the time. Experiments which Professor Riley made during the 
summer of 1872 shoAved that the lathed canvas just mentioned se- 
cured on an average five times as many worms as any single Wier 
trap, and the rag, paper, and hay bandages all much more than any 
single Wier trap. A crucial experiment was tried by Dr. LeBaron, 
who, on each of four trees, put two of the Wier traps on opposite 
sides of the tree, one higher than the other, so as to admit of a carpet 
band betAYeen them. The result was: 


Number of worms in upper traps 36 

Number of worms in lower traj3s . . . . 44 

Number of worms in cloth bands 188 


The relative advantage of cloth bands in different positions, and 
the desirability of having tAvo bands on the same tree, is also shown 
by Dr. LeBaron in a fiA^e-tree experiment, which AA^e condense into 
the folloAving table. One band Avas placed from 1 ^ feet to 2 feet 


above the other: 

Number of worms in upper bands 282 

Number of worms in lower bands 350 


In nearly every case the loAvest bands contained the most, while 
bands which were placed on some of the largest limbs captured very 
feAv after the middle of August, although quite a number in late 
July and early August. 

There can be no question but that thorough use of trap bands Avill 
bring about admirable results, especially ii neighbors unite. Pro- 
fessor Riley, in 1879, stated that he had no doubt but that the 
marked improvement in the Michigan apples noticeable at that time 
was due to the quite general use of bands in that State, brought about 
bv the publications and lectures of a few enlightened men, and partic- 
ularly by the discussions at the State Horticultural Society. 

The larvae captured under bands have been counted and tabulated, 
and the improvement in the character of the fruit has been noticed 
and recorded, but the only atte]npt Avith which we are familiar to as- 
certain and tabulate the exact p roportion betAveen the Avorms on a tree 
and those caught by the bands A^^as that made by Mr. E. J. Wickson at 
the Agricultural Experiment S tation at the University of California, 
during the summer of 1887. fPhe results are given in Bulletin Ro. 
75 of the Station, and indicate that while from a total of 457 apple 
and pear trees bandaged 2,704 apples and pears were found from 
which the worms had escaped, only 1,188 worms were collected from 
the bands, or 44 per cent, of the whole. The bands used were strips 
of old sacks, 5 or 6 inches Avide, allowed to lap over well and tied 
with a string around the middle. It seems that but one band Av^as 
alloAYed to each tree, presumably fastened at the middle of the trunk, 
and that they were examined once a week. The recorder states 
that he believes that many of the worms which issued from the apples 
and did not find their way to the bands were eaten by birds which 
were always working over the ifround while he was in the orchard. 
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The others it was thought must have transformed under clods of 
earth, as there was no loose bark on the trees and no rubbish on the 
ground, Undoubtedly many, if not the majority, of those not found 
in the bands perished without transforming. Moreover, inasmuch 
as one worm often injures tv^o adjoining apples or pears, the number 
of infested fruit is not necessarily indicative of the number of worms, 
although as occasionally more than one worm is found in a single 
apple, it is reasonably safe to assume that it is indicative. From 
what we know of the habits of the insect it seems that the latter 
happens less often than the former. Better results would also nave 
doubtless been obtained had two bands been applied, one a fool or 
two from the ground and one near the crotch. However, just as it 
stands, 44 per cent, killed is a good showing, and as Mr. Wickson 
well says, ^Hhe destruction of this proportion of fully fed and liealthy 
larvae must be considered very satisfactory,'’ and ‘"it will be sv en 
that the old method of treatment is still one of the most effective 
that can be employed.’’ 

The very thorough endeavors made by Dr. S. F. Chapin in Cali- 
fornia in 1882 are also interesting and deserve mention here. His 
results were admirable, but were only accomplished by the most care- 
ful and painstaking labor. Three methods were adopted. After July 
10 he commenced a systematic examination of all fruit upon the apple 
and pear trees by means of a ladder, and every apple or pear found 
infested was picked and reserved for examination and destruction. 
Bands were jffaced upon 800 trees, ana these were examined closely 
every week, and all larvae found were counted and destroyed. All 
fallen fruit was immediately gathered and examined, and afterwards 
destroyed. So carefully was this done that at picking time the men 
were only able to discover about 200 infested fruit. His table is in- 
teresting on many accounts, and is reproduced: 


Date. 

.j 

Infested fruit 
picked from 
trees. 

Infested fruit 
on ground. 

Infested fruit 
at gathering. 

Larvae found 
in fruit from 
trees. 

Larvm in fruit 
on groimd. 

Larvae in fruit 
at gathering. 

PI 

o-:i 

3 

> 

s 

Cost of picking 
infested fruit 
and examina- 
tion of bands. 

1882. 

.Tiilv 10 19 

211 

! 

60 

1 

! 


SI. 50 
.60 

Tlllv 1ft 

; 



147 

.Tiilv 90 91 

79 


38 




3.00 
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! 


1 

48 

.60 

V 

Jiilv S1 





! 

46 

.60 

Anprnst 7 0 .... 

119 



35 

1 

26 

3.50 

An mist, 19 ... 




1 

14 

.60 

AllPOlSt 19 91 

100 


63 

1 

27 

2.60 

Aiipiist 9^ 30 

180 

I 

139 

i 

87 

4.50 


481 


308 


4:98 

5.30 

1 1fi 

379 


154 



8.25 

3.60 

9 A 

1 



432 

.60 

RenteniHer 97 

280 

1 

31 




3.00 





292 

.60 

OptnVip.r 14 


1 




94 

.60 

91 






15 

.60 

Octo1>er 93 


1 




1 

.60 



203 



88 



i.OO 

Rpntf'T'nVip.T' 0 


88 



42 



.50 

RpritpmVtPr l.'i 


GO 



22 



.50 

SpnfpTnliPT* 19 


126 



34 



1.00 

.Qfk-nl'pi'nl^pi* 90 97 


36 

262 



4 




Opf.nlip r 1 0 








October 21 . .... 


2.^5 



55 



.75 

RpnbpmFipy 1ft 



44 


26 



Op.tnbp.T '•0 



156 



28 










Total 

1,829 

1,030 

200 

838 

195 

Or 

2, 552 

36.90 


Total infested fruit discovered, 3,059 ; total found, 3,639 ; total cost, S36. 90, 
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Spraying the trees with arsenical mixtures, — Jamiary 22 , 
1879, Mr. J. S. Woodward, of Lockport, N. Y. ,attlie meeting of the 
Western Yew York Horticultural Society, held in Rochester, stated 
that, having sprayed certain of his apple trees with Paris green 
quite early in the season, just after the fruit had formed, to destroy 
the Canker-worm,'^ the trees thus treated bore perfectly sound fruit, 
whereas the rest of the orchard was badly infested by the Codling 
Moth (see Rural Yew Yorker, February 8, 1879). 

This important statement was not further verified until the spring 
of 1880, when Prof. A. J. Cook, of Lansing, Mich., sprayed some 
Siberian crab-apple ti’ees on the 25th of May, and again on the 20th 
of June, with London purple, 1 tablespoonful of the poison (Lon- 
don purple) to 2 gallons of water. The results, as published in the 
Proceedings of the American Association for the Advancement of 
Science for 1880, page 669, x)nblished in 1881, were admirable, and it 
was stated to be a x^crfect remedy, although no tabulated statements 
were given. Since 1880 Professor Cook has made many experiments 
with both Paris green and London purple, , and does not hesitate to 
recommend spraying with either as almost a x;>anacea. He recom- 
mends their use in the x)rox)ortion of 1 x^ound of the poison to 100 gallons 
of water. 


The remedy was at first received with some disfavor on account of 
the su]iposed danger in its use. The objections were summarized by 
Professor Riley in the Farmer’s Review, during the fall of 1880, and 
in the American Entomologist for October, 1880 (Yol. Ill, Yo. 10, 
p. 241), imt in these very articles he indicated his ap]3reciation of 
the remedy, if it could be divorced from its seeming dangers. Later 
experience in fact has shown that where properly used the remedy 
is not at all dangerous. Analyses made of the calyces of a number 
of poisoned apples by Professor Kedzie at Professor Cook’s request, 
in 1880, indicated this fact. A striking note, however, is published 
by Professor Forbes, to the effect that apples taken September 10 
from a tree sprayed September 3, and analyzed by Professor Mc- 
Murtrie, each yielded . 9 milligram of arsensic, ‘ ^ an amount such that 
74 apples would convey a poisonous dose. ” This would indicate that 
fall poisoning possesses some danger on account of the cumulative 
effects of arsenic. 

Professor Cook has since published many articles on this subject, 
and seems to have met with the most perfect success in the applica- 
tion of this remedy. His perfect results and his broad and sweeping 
statements are not, however, perfectly borne out by the results ob- 
tained by other experimentors. For instance, compare the following 
statement made by Professor Cook in 1886 with the results obtained 
in Ohio, Illinois, and California, and which are described in the fol- 
lowing pages, and it will be seen that while he deserves every credit 
for the part which he has taken in putting this truly valuable remedy 
before the public, he is |)robably not justified in giving the impres- 
sion that it is an absolute specific, or that he was the first to demon- 
strate its value for the purpose: 

“ It will be remembered that six years ago at the Boston meeting 
of the Science Association, I demonstrated the value of the arsenites, 
Paris green and London pur^fie, as specifics against the Codling Moth 


*The first suggestion of Paris green for the Canker-worm, so far as we can learn, 
was made by Dr. LeBaron, in his Second Illinois Report, 1872 (for 1871), p. 116. The 
suggestion was adopted in Illinois as early as 1878, and the j)oison was used with 
good success (see Riley in Third Report U. S. Ent. Com., p. 192). — L. O. H. 
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( Carpocapsa pomonella, Linn. ) . Experiments eacli year since confirm 
all that was then said. It is a matter of surprise that one early ap- 
plication of these arsenites should be so effective, when we remem- 
ber the natural history of the insect. Butin this case, as ever, facts 
are too strong for theory, as I have shown for years. One applica- 
tion of the poison made in May^ before the apples are larger than 
peas, in fact, almost as soon as the blossoms have well fallen, is often 
all-sufficient. This year I have t^vo crab-apple trees adjacent. One 
Yeas treated, the other not. Frequent and careful investigation has 
failed to find an affected apple in the one case, wliile in trie other a 
large propoiffion of the fruit is destroyed. 

Two points should be urged regarding this remedy: (1) Do not 
delay the application till June, when the larvm are far into the fruit, 
out of harm’s way. ITeglect of this caution explains wliy some 
even of our careful investigators have partially failed. The remedy 
should be applied just when it will also destroy the destructive leaf- 
rollers and the dreaded canker-worms. (2) We must use a weak 
mixture. One pound of the poison to 100 gallons of water is best ; 
then we can make thorough v^ork vfithout injury to our trees. With 
a pound to even 50^ gallons of water we are quite likely to destroy 
some of the foliage if we make a thorough apjolication. ” (A. J. Cook, 
Proc. 7th Ann. Meeting Soc. Prom. Agr. Sci., Buffalo, K. Y., 188G.) 

It is but tair to state that in the Illinois exj)eriments by Forbes, now 
to be treated, the first recommendation urged by Cook, viz, that the 
application be not deferred untilJune, v^as not followed and the first 
application was made June 0, although the season Avas probably a 
late one, as Forbes states that Avhen the spraying Avith Paris green 
was begun the apples were only as large as currants. It should also 
be stated that Forbes’ Paris green solution was stronger than Cook’s 
London purple solution, the former using ounces to 5 gallons 
water, and the latter 1 ]30und to 100 gallons,* with the result that in 
Forbes’ experiments considerable damage Avas done to the foliage. 
MoreoAmr, Forbes’ experiments AAnth London purple Avere not begun 
until June 13, four days after his first Paris green application, and 
his mixture was only a little more than tAVO-thirds the strength of the 
Paris green solution, Avhich, by the Avay, made it slightly Aveaker 
than the solution recommended by Cook. These facts, therefore, 
render his conclusions as to the value of London purple of little 
weight, while his conclusions concerning Paris green should be 
accepted only with the understanding that he injured the foliage by 
the strength of his mixture. Forbes’ conclusions from his 1885 ex- 
periments are as follows: 

''(2) 0A7ing to the scarcity of apples and the abundance of ajiple 
insects, the season was the most unfaAmrable possible for the success 
of these remedies. 

(3) The insecticides Avere applied suspended in water, the Paris 
green in the ratio of 1-J ounces to 5 gallons, the London purple in 
half that weight. 

* ^ * 4: 5)e 4; 4i; 

(4) The spraying A^^ith Paris green began when the apples Avere 
about as large as currants, and four days later Avith the London 
purple. 

* * + * * 4 ; ' 


*The London purple used by Forbes contained 32.5 per cent, metallic arsenic and 
the Paris green 15.4 per cent. 
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(5) All the trees were thoroughly sprayed seven and eight times 
between June 9 and September 3. 

‘^(6) The fallen apples were gathered six times from July 16 
onward, and those remaining were picked as they ripened. 

(7) All the apples, both fallen and ripened, 16,529 in number, 
were examined individually for insect injuries, and those due to the 
Codling Moth and Cfurculios were separately noted. 

^‘(8) As a result of the examination of 2,418 apples from trees 
which had been sprayed with Paris green, and of 2,964 others from 
check trees which had not been so treated, it apjjeared at the end of 
the season that 21 per cent, of the poisoned apples had been infested 
by the Codling Moth and 67.8 of those not so treated; while 27. 3 per 
cent, of the poisoned lot had been infested by tlie Curculios and 51.3 
per cent, of those not sprayed. That is to say, treatment with Paris 
green had saved something more than two-thirds of the apples 
which would otherwise have been damaged by the Codling Moth, 
and something more than half of those which would have been 
sacrificed to the Curculio. It should be remembered in this connec- 
tion that the Paris green not only serves to protect the apples from 
attack, but by actually destroying the insects must assist to lessen 
the amount of insect injury in succeeding years. Analysis of apples 
one week after treatment with Paris green, a heavy storm interven- 
ing, gave abundant evidence that this insecticide could not be safely 
applied for some weeks preceding the harvesting of the fruit. 

(9) As a result of the comparison of 1,205 apples from a single 
tree sprayed with London purple, and 2,036 apples from a check tree 
not so treated, ifc appeared that 49 per cent, of the former were af- 
fected by the Codling Moth and 58.8 of the latter, and also that 39 
per cent, of the first lot of apples had been invaded by Curculios and 
48 per cent, of the second lot. The London purple thus saved about 
one-sixth of the apples which vfould otherwise have been sacrificed 
to the Codling Moth and about one-fifth of those otherwise to be 
spoiled by the Curculios. 

‘Mn comparing these results with those derived from the Paris- 
green experim ent it must be remembered, however, that the spraying 
with London purple began four days later than that with Paris green, 
and that the latter, as used, contained about one-third more arsenic 
than the former. It should be further noted that both were applied to 
the limit of considerable damage to the foliage conspicuous as early 
as the last of July.* 

^ ^ * * >!< ♦ ♦ 

(11) As bands or trax>s serve only to capture the apple worm after 
it has done its mischief, and hence only interpose a general protec- 
tion against future attack, and are moreover liable to be rendered 
ineffectual by neglect of one's neighbors, the use of Paris green will 
serve at least as a valuable addition to remedial measures against 
the Codling Moth. Since it may be safely applied, however, only 

* Elsewhere (p, 37) in the same article, however. Professor Forbes says: “ Late in 
the season some scorching of the leaves similar to that attributed to the Paris green 
was noticed on this London-purple tree; less serious, however, than in the other 
case.” In addition to this modification of the statement, we may call attention to 
the fact that there was a considerable reduction in the time e]a])sing between the 
first and second applications of the purple, as compared with the first and second 
applications of the green, and this will nave considerable weight in acc^^nnting for 
the scorching by what Cook recommends as a safe mixture. — L. O. H. 
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for tlie spring brood, it is best to use both bands and insecticides, 
each measure supplying the deficiencies of the other. 

(12) Attending only to the picked apples, and condensing onr 
statement of results to the last extreme, we may say that, under the 
most favorable circumstances, Paris green will save to ripening, at 
a probable expense of 10 cents per tree, seven-tenths of the apples 
which must otherwise be conceded to the Codling Moth; that Lon- 
don purple will apparently save about one-fifth of them; and that 
lime will save none.” 

Professor Forbes’ tables follow upon the ensuing pages. 

During the season of 1885 Mr. E. S. Goff, the horticulturist of the 
New York agricultural experiment station at Geneva, sprayed 6 trees 
three times with a solution of 1 ounce of Paris green to 10 ounces of 
water. The applications were made on June 3, June 5, and June 17. 
A heavy rain upon June 5 probably destroyed the effect of the first 
application. A careful examination in August and October of over 
9,000 apples from the 6 trees sprayed and from 4 unsprayed check 
trees indicated that the average per cent, of wormy fruit from the 
sprayed trees was 13i, while the average per cent, of wormy fruit 
from trees not sprayed was 35^, His conclusion is that the percent- 
age of wormy fruit from the trees sprayed with Paris green and water 
was about 22 per cent, less than from those not sprayed. In other 
words, at this rate 100 barrels of apples picked from the sprayed trees 
would have yielded 22 barrels more fruit free from worms than the 
same number from the unsprayed trees (see Fourth Annual Report 
of the New York Agricultural Experiment Station, Albany, 1886, 
pages 246 to 248). 

Professor Forbes, in Bulletin No. 1, office of the State entomolo- 
gist of Illinois, gives a record of experiments made in 1886 supple- 
mentary to those recorded in the following tables. He sums up his 
conclusions in the following words : 

“The experiments above described seem to me to prove that at 
least 70 per cent, of the loss commonly suffered by the fruit-grower 
from the ravages of the codling moth or apple-worm m.ay be pre- 
vented at a nominal expense, or, practically, in the long run, at no 
expense at all, by thoroughly applying Paris green in a spray with 
water once or twice in early spring, as soon as the fruit is fairly set, 
and not so late as the time when the growing apple turns downward 
on the stem.” 



Paris-green experimeTit 

[Trees 1, i)oisoiied, and 2, check.] 


1 

0 
^ . 

1 . 

2 . 

1 , 

2 . 

1 

2 . 

1 . 

2 . 

1 

2 . 


Trees. 

Fruit. 

Sprayed. 

Examined. 

Total 
No. of 
apples. 

Codling 

Moth- 

Curculios. 

Both. 

Total 

insects. 

Undeter- 

mined 

injuries. 

Total 

injuries. 

Uninjured. 


|L- 

F^lllen 

^ 

June 9, 20, 30 . . 
.... do 

July 16 

141 

No. 

10 

P.ct. 

7.1 

No, 

28 

P.ct. 

21.3 

(*) 

No. 

38 

P.ct. 

27.0 

No. 

10 

P. ct. 
9.7 

No. 

48 

P. ci. 
34.0 

No. 

93 

P.ct. 

66.0 

27.5 

68.9 

do 

do 

244 

130 

53, 2 

12 

10.5 

(*) 

142 

58.2 

35 

34.3 

177 

72.5 

67 

; do 

July 15 

July 24 

177 

42 

23.1 

12 

9.5 

(*) 

54 

30.4 

1 

.8 

7.8 

55 

30. 5 

122 

i .do 

do 

do 

370 

253 

68.4 

66 

56.4 

(*) 

319 

85.4 

4 

323 

85. 5 

47 

13. 0 

do 

July 30 

.... do 

July 31 

56 

8 

14.3 

12 

25.0 

(*) 

(*) 

20 

36.3 

1 

2. 7 

21 

38.1 

35 

63.6 

10.8 

do 

do 

120 

84 

70.0 

23 

63.8 

107 

89.0 



107 

89.0 

13 

do 

August 5 

August 7 

93 

20 

21.5 

27 

36.9 

(*) 

47 

50.5 

4 

8.7 

51 

54. 8 

42 

45. 1 
9.8 

do 

. . . . 3o 

... .do 

61 

34 

55.7 

19 

70.3 

(*) 

53 

86.8 

2 

25.0 

55 

90.1 

6 

do 

August 27 

August 27 

168 

57 

33.9 

48 

43.2 

(*) 

105 

62,5 

2 

3.1 

107 

63. 6 

61 

36. 3 

i . do 

... .do 

.... do 

189 

133 

70.3 

42 

75.0 

(*) 

175 

92. 5 

4 

28.0 

179 

94.7 

10 

5. 2 


do 

do 

September 3 . . 
do 

September 3 . . 
do 

30 

53 

14 

42 

46.6 

79.2 

3 

8 

18.9 

72.7 

(*) 

("') 

17 

50 

56.6 

94.3 

3 

23.0 

20 

50 

66. 6 
94.3 

10 

3 

33.3 

5.6 

Total 1 

.... do 



665 

151 

22.7 

~130 

25.2 

{*) 

281 

42.2 

21 

5,4 

302 

45. 4 

363 

54.5 

Total 2 

|... .do 



1,037 

676 

65. 1 

170 

47.0 

(*) 

84^ 

82.3 

45 

23.6 

891 

86. 7 

146 

14.0 

Picked 

September 3 . . 
do 

September 10. 
do 

846 

178 

2t.l 

230 

:^.4 

(*) 

408 

49.2 

184 

42.0 

592 

1)9.9 

254 

30.0 

do 

783 

591 

75.4 

147 

76.5 

(=*■) 

738 

94.2 

19 

42.2 

757 

96.6 

26 

33. 0 

i 

Grand total 1 



1,511 

3^ 

21.7 

360 

30.4 

(*) 

689 

45.6 

205 

25.2 

894 

58.0 

617 

40.8 

Grand total 2 . . 



l',820 

1,267 

69.6 

317 

57.3. 

(*) 

1,584 

87.0 

64 

27.1 

1,648 

90.5 

172 

9.4 

i 















Paris-green experiment 2. 
[Trees 3, poisoned, and 4, check.] 


3 

4 

3 

4 

3 

4 

3 

4 

3 

4 



Fallen 

June 13, 20, 30 . ; 

( 

July 16 

73 

6 

8.2 

11 

16.4 

(*) 

1 

17 

23.2 

10 17.8 

27 

36.9 i 

r 

' 46 

63.0 


.... do 

.... do 1 

. ...do 

326 

205 

62.8 

56 

46.2 

(*) 

261 

80.0 

8 12.3 

269 

82.5 j 

57 

17.4 


do 

July 15 ' 

July 24 

114 

31 

27.2 

15 

18.0 

(*) 

46 i 

40.3 


46 

40.3 

68 

59.6 


do 

.... do 

... .do 

149 

79 

53.0 

37 

52.8 

(*) 

116 

77.8 


116 

17.8 

ai 

22.1 


.do 

July 30 

July 31 

74 

9 

12.1 

17 

26.1 

(*) 

26 

35.1 

1 

26 

35.1 

1 48 

64.8 


. do 

.... do 

do 

112 

51 

45.5 

41 

67.2 

(^) 

92 

82.1 

■ 

92 

82.1 

j 20 

17.8 


. . . do 

August 5 

August 7 

i 48 

7 

14.5 

8 

19.5 

(*) 

f5 

31.2 

1 3.0 

1 16 

as. 3 

32 

66. 6 


. . .do 

.... do 

... .do 

56 

30 

53.5 

19 

73.0 

(*) 

49 

87.5 


49 

1 87.5 

7 

12.6 


.... do 

August 27 ... . 

August 27 

267 

52 

19.4 

56 

26.0 

(*) 

H'8 

1 40.4 

7 4.4 

115 

43.0 

152 

56.9 


do 

i . 1 . . do 

do 

144 

129 

89.5 

13 

86.6 

(*) 

142 

1 98.5 


142 . 

1 98.5 

1 2 

1.4 


* Not separately reported. 
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PaHs-green experiment 3 — Continued. 


Trees. 

Fruit. i Sprayed. 

Examined. 

Total 
No. of 
apples. 

Codling 

Moth. 

Ak 

1 

Curculios. 1 

i m 1 

f 

Undeter- 
mined in- 
juries. 

_ 

Total in- 
juries. 

Uninjured. 

L 

i 

4 1 do ! .... do 

Sej)tember 3 . . 
.... do 

31 

35 

r 

No. 

9 

31 

P.ct. 

28.9 

88.5 

No. 

5 

2 

P.ct. 

22.7 

50.0 

No. \P.ct. 
(*) 14 1 45.1 

{*) . 33 1 94.2 

No. 



P. ct. 

No. 

14 

33 

P.ct. 

45.1 

94.2 

f 

No. 

17 

2 

P.ct. 

54.8 

5.7 

1 1 

Total 3 ’ do i 




607 

822 

114 

525 

18.7 

63.6 

112 

168 

22.6 

56.5 

e^) : 226 1 37.2 

(=*‘) 693 81.3 

18 

8 

4.7 

6.2 

244 

701 

40.1 

85.2 

363 

121 

59.8 

14.7 

Total 4 . . . . oo 1 



September 10. 
... .do 

3 

4 

Picked September 3 . . 

.... do i .... do 

301 

322 

66 

220 

21.9 

68.3 

70 

117 

23.2 11 125 1 41.1 

36.3 56 281 87.3 

13 

13 

10.2 

31.9 

143 

350 

47.5 
93; 8 

158 

28 

52.4 

8.7 

Grand total 3 

i 

1 


908 

1,144 

180 

745 

19.8 

65.1 

182 

285 

22.9 

42.8 

11 351 

56 1 994 

39.8 

85.1 

36 

21 

6.4 

14.0 

387 

1,051 

42.5 

86.9 

521 

149 

57.3 

13.0 

Grand total 4 

j 


j i 

Grand tota.1 1 £ind 3 ' 


2,418 
2, 904 

509 
2, 012 

21.0 

67.8 

542 

602 

27.3 

51.3 

11 1,042 

56 [ 2,553 

43.9 

86.2 

241 

85 

17.6 

20.9 

1,280 

2,643 

52.9 

89.2 

1, 138 
321 

47.0 

10.8 

Grand total 2 and 1 . . . ' i 

■ 1 



Total 5 
Total G 


5 

6 


Grand total 5 
Grand total 6 


London-purple experiment. 

\ [Trees 5. poisoned, and 6, check.] 


Fallen 

June 13,20, 30. 
.... do 

July 16 

... do 

.... do 

... do 

Jul3^ 15 

July 24 

... do 

... .do 

... .do 

... do 

July 30 

July 31 

...do 

... .do 

... .do 

... do 

August 5 

August 7 .... 

... do 

.... do 

. . . .do 

. . . «lo 

August 27 .... 

A ugust 2i' . . . 

... do 

.... do 

.... do 

... do 

September 3 . . 

September 3. 

. . .do 

.... do 

... .do 

... do 



... do 



Picked 

1 

September 3 . . 



October 9. . . . 

do 

do 

do 

1 


444 

154 

34.6 

104 

35.8 


258 

927 

486 

52.4 

197 

44.6 

(*) 

683 

165 

82 

49.6 

M 

40.9 

(*) 

116 

366 

165 

45. 0 

90 

44.7 

{*) 

255 

88 

35 

39.7 

36 

07.9 

{*) 

71 

146 

73 

50.0 

60 

82.1 

(*) 

133 

68 

27 

39.7 

33 

80.4 

(*) 

60 

84 

47 

55. 9 

35 

94.5 

(*) 

82 

243 

171 

70.3 

20 

28.0 

(*) 

191 

243 

207 

85.1 

21 

58.3 

U) 

228 

40 

26 

05.0 

3 

21.4 

(*) 

29 

62 

62 

100.0 



(*) 

62 

1,048 

495 

47.2 

230 

41.6 

(*) 

725 

1,823 

1,040 

56.8 

403 

51.1 

(*) 

1,443 

157 


61.1 

4S 

30.5 

25 

119 

208 

158 

75.9 

79 

1 37.9 

54 

183 

1,205 

591 

49.0 

278 

39.1 

25 

844 

2,036 

1,198 

58.8 

482 

48.3 

54 

1,626 


58.1 

11 

5.9 

269 

60.6 

175 

39.1 

73.5 

2 

.8 

685 

73. 7 

242 

26.1 

70.3 

2 

4.0 

118 

71.5 

47 

28.4 

69.6 

1 

.9 

256 

69.9 

110 

30.0 

80.6 



71 

80.6 

17 

19.3 

92.5 


1 

133 

92. 5 

13 

9.0. 

88.2 



60 

88.2 

8 

11.5 

97.6 


1 

82 

97. 0 

2 

2.3 

78.6 



191 

78. G 

52 

21.4 

93.4 

2 

13.3 

230 

94.6 ' 

13 

5.3 

72.5 

1 

9.0 

30 

75.0 

10 

25.0 

100.0 


1 

62 

10.0 








1 


69.1 

14 

4.6 

739 

70.1 

309 

29.5 

78.8 

5 

1.3 

1 1,4-lS 

79.0 

380 

20.8 

75.1 

o 

5.2 

121 

76.3 

36 

22.9 

87.9 

0 

2.4 

189 

90.8 

19 

9.1 

70.0 

To” 

4.2 

86 » 

71.3 

1 345 

I^'sTg 

79.7 

n 

2.9 

1 , G37 

80. 4 

399 

19.6 


* Not separately reported. 
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What with the general experience among practical apple-growers 
who had used them, and Prof. Cookes experiments, Prof. Piley had 
come to accept the safety and general efficacy of the arsenites, j^rop- 
erly used, as preventive of apple worm attack, and, in fact, had in 
conseqnence suggested their probable value, properly used, as against 
Curciilio attack, in his address before the American Horticultural 
Society at Hew Orleans in 1885. With a view of testing this point 
and of settling some others raised by Forbes’ work. Professor Piley 
had planned an extensive series of experiments to be made, during 
the season of 1887, and he instructed our Ohio agent, Mr. Ahvood, 
wdio was advantageously located on the grounds of the Ohio Experi- 
ment Station, at the beginning of the season to work in this direction. 
Unfortunately, ho^vever, the season proved unpropitious, nearly all 
the apples in the neighborhood blighting” after setting, although 
they set very full, and Mr. Alwood was called away in early July to 
take part in another and more pressing investigation. We quote 
from Mr. Ahvood’s notes such passages as bear upon the experi- 
ments made: 

“ On May 17, when first spraying was done, the bloom had fallen 
and an abundance of fruit was set on the young trees. However, 
within a few days fully 75 per cent, of this blighted, except in a few 
instances. These instances were trees sprayed, and as the observa- 
tions given wdll show, there was scarcely fruit enough in the orchard, 
outside of trees treated, to furnish mederial to compare with treated 
trees. 

''The orchard is composed of about 130 trees just coming into 
bearing. Twelve of the best trees w^ere selected for the work, think- 
ing there was abundant material around them for comparison., Six 
Avere sprayed with London purple and six with Paris green, at the 
rate of 1 pound of poison to 50 gallons of Avater. They were sprayed 
tAvice — May 17 and June 13. At first spraying Curculios were already 
at Avork, and it did not seem that spraying stopped them. The Cod- 
ling Moth had not yet been noticed, and their larvae did not put in 
appearance until after June 1. 

" ‘'On June 21 the fallen fruit was collected and examined for larvae. 
At this date trees untreated were almost barren of fruit, it having 
fallen before attaining any size or larvae were hatched. 


‘ ‘ Fallon fruit, Paris srreen . . . . 

Fallen fruit, London purple. 
“ Fallen fruit, untreated 


i Curculio larvae, 213 apples. 

\ Codling Moth larvae, 18 apples. 
( Curculio larvae, 267 apples. 

I Codling Moth larvae, 9 apj)les. 

] Curculio larvae, 96 apples. 

( Codling Moth larvae, 42 apples. 


" The small amount of fallen fruit has already been explained. Be- 
fore the close of season there was scarcely an apple on unsprayed 
trees, while some of those treated ripened several bushels. (They 
were all small trees.) 

"Second counting Avas made June 28. 


Fallen fruit, Paris green 

“ Fallen fruit, London-purple, . 
“ Fallen fruit, untreated trees. 


j Curculio larvae, 98 apples. 

I Codling Moth larvae, 10 apples 
i Curculio larvae, 87 apples. 

) Codling Moth larvae, 9 apples. 

( Curculio larvae, 4 apples. 

I Codling Moth larvae, 18 apjeles. 


"At this date both species were about full grown and some were 
leaving the fruit. 
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111 no instance did I find two Codling Moth larvae in the same fruit, 
but several times found it and Curculio larvae together, in which case 
I counted it to both; several times found as many as six Curculio 
larvae in same fruit. 

I had also planned a much more extensive set of experiments for 
the old orchard, but it set no fruit at all. 

‘‘1 sprayed two orchards for farmers who were interested, one 
living 6 and the other 9 miles out in the country. ^ These were so far 
out that close observations were impossible. I went to Mr. F. P. 
Dilhs place, 9 miles out, on Saturday, May 14. The trees were but 
a few days past bloom and in fairly healthy condition. The Canker- 
worms which have infested this orchard for some years had already 
made their appearance in such numbers that they would soon have 
destroyed the foliage on fully one-half the trees. The orchard is an 
old one, part of the trees having been planted by one of the first 
settlers, and some of them are 30 to 40 feet high and 40 to 50 feet 
through the branches at the widest part. It contained about 250 
trees. The spray apparatus used was the Mxoifis Little Giant, with 
his small-size pump fitted v/ith but one spray nozzle. 

‘^On the first half of the orchard we used Paris green and on the 
other London purple, both mixed 1 pound to 75 gallons of water. 

Three men did the work, which allowed a change at the pump at 
frequent intervals, as the force required with this size purap to spray 
such large trees was more than one man could stand tor any length 
of time. However, by changing about, the work was readily ac- 
complished. The whole time occupied was a little over eight hours. 
Six pounds poison was used and 450 gallons of water. 

Results, Here, as at the university, the fruit nearly all blighted. 

‘^The Canker-worms were destroyed, and what little fruit ma- 
tured was quite free from Codling Moth. 

The other orchard sprayed was for A. J. Gantz, 6 miles out in the 
countrv. 

His is an old orchard containing about 200 trees; used London 
purple and Paris green as before. 

This orchard was fairly sprinkled with Canker-worms, both 
pometaria and vernata being present. 

The worms were destroyed and the trees made a good healthy 
season’s growth, better than for years. The fruit was just setting at 
time of application and the trees matured about one- half crop, 
not blighting so badly as the others. I examined these several times 
and found only from 20 to 30 per cent, affected by Codling Moth, 
and the farmer said it was some of the best fruit he had grown for 
years. 

^^Tlie largest orchard in the county is on an adjoining farm 
owned by Mr. Coe, and his fruit that did mature was almost worth- 
less from efbect of Codling Moth.” 

Mr. Alwood sent material to five different prominent growers 
throughout the State of Ohio, asking them to make experiments, but 
only one f prnished a detailed report. 

Mr. Alwood vouches for Mr. Cushman’s reliability and states that 
he is a member of the American Pomological Society, American 
Horticultural Society, and Ohio Horticultural Society, and his report 
is so interesting that we publish it in full: 

Euclid, Ohio, November 14, 1887. 

Sir : It gives me pleasure to make the following report concerning the use of 
Paris green and London purple for the Codling-moth worm in applest 
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Spraying apparatus used was the Little Gem, manufactured bv A. H. Nixon 
Dayton, Ohio. Have had but little experience with atomizers, but think this one 
IS vei}^ satisfactoiy. Eighteen apple trees were selected for the experiments The 
trees are twenty years old, have borne for several years, and but few perfect spec- 
imens have ever been produced. The trees are vigorous, having a spread of 30 
feCT. Varieties are Baldwin, King of Tompkins County, and Talman. 

On the 22d of the first application was made. This was exactly one week 
from full bloom. The Baldwins were one-fourth inch in diameter. 

green and purple had been previously carefully weighed, so 
i mix them in the following strengths : 1 pound to 100 gallons, 1 pound 

to 75 gallons, and 1 pound to 50 gallons. 

The tank and pump were placed on a wheelbarrow for convenience in moving. 
Ten feet of hose was used. The nozzle end was tied to the end of a pole for the pur- 
j^se of carrying it into and over the trees. Father managed the hose while I worked 

^ook about 2^ gallons per tree and about five minutes to apply it. 

The day was clear and a light breeze served to carry the mist through the trees. 
It settled on apples and leaves like a heavy dew. The following plot of trees will 
show the detail of the experiment : 


Variety, 

Paris green. 

London purple. 

First row. 

Proportion. 

Second row. 

Proportion. 

Baldwin 

xl x2 x3 
x4 x5 x6 
x7 x8 x9 

1 lb. to 100 gals . . 
1 lb. to 75 gals. - 
i lb. to 50 gals. . 

XXX 

XXX 

XXX 

1 lb. to 100 gals. 
1 lb, to 75 gals. 

1 lb. to 50 gals. 

King . . 

Talman 



First application May 22, seven days from full bloom; second application May 26. 

The afternoon after the first application two light showers fell ; on the evening 
of the 24th two more ; one was quite heavy. These showers coming so soon after 
spraying made me fear they had washed out the poisons. On the 25th I found 
little mites of maggots, from one to three in each calyx. After this they seemed to 
grow less, until scarcely any could be found on the 4th of June. One tree was not 
sprayed and one only the first time. These are not included in tbe eighteen. 

Tree not treated dropped all of its fruit, and I did not find one ayjple but what 
was wormy. The tree sprayed only once had a fair share of perfect fruit, but not 
as much as those receiving two doses. 

The fruit from the eighteen trees, as near as we could judge, was about alike. 
Trees 1, 2, 3, receiving the weakest application, had as large a proportion of fair 
apples as 7, 8, 9, which received the strongest. No difference could be distinguished 
between the amount of fair fruit on the Paris-green row and that on the London- 
purple row. About three-quarters of the apples were free from worms. 

The practical result of the spraying is about as follows ; 


40 bushels marketable apples, at 80 cents $82.00 

Poisons and their application 4. 00 


Probable result if not sprayed, 40 bushels cider apples, at 15 cents. . . 
Very truly, 

E. H. 


Mr. W. B. Alwood, 

Special Agents Division of Entomology. 


28. 00 

6. 00 


Cushman. 


It is only recently that the arsenical poisons have been seriously con- 
sidered in California, but during the summer of 1887 a number of ex- 
periments were made at Berkeley by Messrs. Wickson and Klee, and the 
results, as summarized in tabular form in Bulletin Ko. 78 of the Agri- 
cultural Experiment Station, University of California, wpgive below. 

It will be noticed that very weak solutions of Paris green were 
used, the strongest being more than twice as weak as the solution 
used by Professor Forbes. The gain of 71 per cent, in sound apples, 
however, with no apparent damage to the foliage, must be considered 
as quite satisfactory, although all of the experiments were made 
upon too small a scale to furnish a basis for reliable deductions. A 
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peculiar feature of the test is that the stronger substance (London 
purple) is used in much smaller dilution than the weaker substance 
(Paris green)^ and it is a very strange result that the purple used in 
the proportion of 1 pound to 160 gallons water should badly injure 
the foliage in the case of the two varieties of pear experimented with, 
and slightly damage the apples, while in Michigan 1 pound to 100 
gallons is recommended as perfectly safe for apples. The California 
varieties may have been peculiarly susceptible, or the climatic con- 
ditions of moisture and evaporation such as to render the trees more 
liable to damage than in Michigan. We can not find that Professor 
Cook indicates the proper time of day for spraying, but we have 
found in Washington that spraying on a warm, dry, sunshiny day 
will be more apt to produce injurious results than the opposite, or, 
in other words, the more rapid the dehydration the greater the effect 
upon the foliage. Professor Riley has also shown (see Bulletin 10, 
Div. of Ent., p. 13) that after each rain the poison takes a new effect 
upon the foliage, and the inference is plain that in a climate where 
the dews at night are heavy and the days dry and warm the effect 
of the poison will be greater. Moreover, the foliage is more rapid 
of growth and consequently tenderer in California than in our hlorth- 
eastern States. 

The white arsenic experiments recorded in the following tables 
are practically valueless on account of the small scale upon which 
they were tried. The inference is, as Mr. Wickson points out, hat 
the worms were not on hand to be killed in the case where the 
stronger solution shows a percentage of loss while the weaker shows 
a percentage of gain. 


Paris green (1 pound to 160 gallons of water). 


Fruit. 

i 

Variety. 

1 

Date of application. 

Apparent effects. 

Worms in fruit 
and under 
bands. 

1 

1 

On 

treated 

tree. 

On un- 
treated 
tree. 

Pear 

Nouveau Poiteau 

May 3 and 19 

None 

10 

23 

Pear 

Nantais 

May 3 and 19 and once 

.... do 

1 

4 



later. 




Apple 

Red Canada 

May 3, 19, and June 1 . 

.... do 

4 

35 

Total 




18 

G2 

Gain, per cent 




71 







Paris green (1 pound to 320 gallons of water). 


Pear . . 
Pear . , 
Pear . . 
Apple 
^pple 


Diichesse Precoce 

Dr. Reeder 

Chaptal 

Duchess Oldenburg 

Fameuse 


May 3 

May 3 and 19 

May 3, 19, and June 1. 

May 3 and 19 

May 3, 19, and June 1. 


None 
. . .do 
. . - do 
. . . do 
. . .do 


Total 

Gain, per cent 


3 ! 8 

1 I 

0 1 


0 ! 1 


9 

4 

19 

41 

54 



Paris §reen (1 pound to 160 gallons of water ^ with 2 pounds of soap). 


1 

1 

Pear 1 

1 

Beurre Gris d’hiver. . . . 

May 3 and 19* 

None 

5 

2 

Apple ! 

Wells’ Sweet 

May 3 

1 . . . . do 

3 

3 

Apple i 

Duchesse Mignonne . . . 

1 

May 3 and 19 

.... do 

1 

13 

1 

Total 


• 

9 

18 

Gain, per cent 







L 

50 1 



* Considerable settling in can. 
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London purple (1 pound to 160 gallons of water). 


’l Fruit. 

Variety. 

Date of ai>plication. 

Apparent effects. 

Pear 

De Tongres * 

Arnbaufrel. 

May 3 

- do 

Badly injured 

.... do 

Apple 

Apple 

Disharoon V. . . i May 3, 19, and June 1. 

Yopps’ Favorite ! May 3, 10, and June It 

1 

Little damage — 
-...do 

Gain, percent 






■ 



Worms in fiaiit 
and under 
bands. 


1 

On 1 

On un- 

treated 

treated 

tree. 

tree. 

13 

21 

4 

0 

9 

9 

5 

1 

7 

31 

37 




I 


London purple (1 pound to 80 gallons of water). 


Pear 

Pear i 

Pear 

Apple 

j 

Emile de Heyst 

Madam Trey ve 

Augustus Dana 

Seek no Further 

1 

1 

May 3, 17, t and June I t 

i 

Mav 3 and 18t 

May 3 

May 3 

• 

Fruit and foliage 
i damaged. 

do 

.... do 

Badly injured 

1 1 

19 6 

0 24 

1 0 4 

IG i 51 

35 1 85 

59 ! 

Gain, per cent' 






__J 

I 

\ 


White arsenic (1 pound to 320 gallons of hot water). 



Callebasse Monstreuse. 

May 3 

Foliage little dam- 

r 

4 

3 



aged. 




Grimes’ Golden Pippin. 

May 3 and 19 


« 1 

0 

ivppie 1 




— 


White arsenic (1 pound to 480 gallons of water). 



ott 

Mav 3 

None 

0 

1 


TT.n.rlv .Top. 

. . . . " . do 

do 

0 

17 

iAppio . 

1 

1 


' 




White arsenic (1 pound to 640 gallons of loatcr, icith soajj). 


s 

TTfl.TlOlp.OTI 

May 3, 20, and June 1 . 

None , 

1 

Q 

u 

L ceil 

Hall 

May 3, 19, and June 1 . 

do ' 

0 

(t) 

/vppit? 







* Two and one-half gallons of wash used. 

t Strength of second and third sprayings, 1 pound to 220 gallons water. 
JNo check. 


In the 'transactions of the Iowa Horticultural Society for 1882 
(vol. 17) is printed a prize essay by Hon. J. 1ST. Dixon, of Oskaloosa, 
who strongly recommends the use of a solution of white arsenic, 1 
pound to 200 gallons of water, for the Codling Moth, Tent Caterpillar, 
the Canker-worm, and the Apple Bucculatrix. He states (infer- 
entially) that he first applied this remedy in 1875, intending it only 
for Canker-worms, thus arriving at the result in the same way as 
did Mr. Woodward in 1878. The paper, as a whole, contains many 
errors and is not of great value, and we mention it simply as a matter 
of record. It will be noticed by comparison that in the California 
white arsenic experiments the roliage was slightly damaged with a 
solution of 1 pound of this substance to 320 gallons of water. 

In a discussion printed in the Transactions of the Iowa Horticul- 
tural Society, 1876, p. 52, Mr. Dixon mentioned the fact that he tried 

. AG 87 8 
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Paris green for the Canker-worm in 1875^ and at the advice of John 
Smithj, of Des Moines, who had tried it previously, he experimented 
successfully with white arsenic in 1876. 

It was probably this application, according to his 1883 statement, 
wJiich put him on the track of the efficacy of the arsenical mixture 
for the Codling Moth, but we have no contemporaneous printed 
evidence that he made this inference, though there is correspondence 
with Professor Ridey that may throw light upon the matter when 
fully studied. 

It may bo gathered from vrhat precedes that as yet the use of 
arsenical mixtures for the Codling Moth is in its infancy. In lim- 
ited localities practical apple-growers are taking it up, and particu- 
larly during the season of 1887 we have seen communications in 
the agricultural and horticultural journals giving accounts of suc- 
cessful trials. These, however, have been almost entirely in ISTew 
York, Ohio, Michigan, and Illinois. It has been proven to be the 
best remedy yet known, but further experiments are still needed to 
ascertain the best modifications of proportions according to climate, 
condition of weather, and time of clay. 

A]^ijarcdus for applying ihg arsenical MixUrres , — The question of 
a suitable apparatus for spraying one’s fruit trees is an important 
one, but is not difficult of solution. Good results can be obtained 


v\rith the simplest aj)paratus. Professor Riley, in his different pub- 
lications, has repeatedly described pumps and appliances which will 
answer this purpose admirably. It is not a difficult matter to mount 
a strong double-acting force-pump firmly upon a tight barrel, to 
mount the latter upon a sled or cart, to attach the rubber hose to an 
extension pole, and. to fasten a nozzle at tip; and yet, having done this, 
a serviceable apparatus is complete, and at small cost beyond the 
price of the pump. Such an ajiparatus was described in its minutest 
details and figured in all its parts in the report of the Entomologist, 
annual report of this Department for 1881- 82, again in the report 
for 1883, and again in Bulletin 'No. 10 of the Division of Entomology. 
In the fourth report of the U. S. Entomological Commission a large 
series of pumps available for this pur^Dose is figured and described. 
The subject of nozzles is there taken up, as also in the other publica- 
tions just mentioned.. A very complete, if somewhat cumbersome, 
apparatus is figured at Plate V, Rep. Ent. U. S. Dept. Agr. for 1886. 
It IS one which is in use in California for spraying orange orchards 
for the Fluted or Cottony Cushion-scale. Its special features are its 
large size, the pump supplying two extension poles, the hose-reel, and 
the portable ladders. 

Several pumps, with all accessory apparatus adapted for just this 
kind of worlp liave recently been placed on the market. Messrs. • 
W oodin & Little, of 509 Market street, San Francisco, have mounted 
a strong double-acting pump with air chamber and brass valves, 
manufactured in ISTew York by the Goulds, upo.n a 30-gallon barrel, 
with sled, nozzles, bamboo extension pole, mixer, strainer, and hose, 
and sell the apparatus complete for fi*om $30 to $35, according to the 
amounit of hose needed. This outfit seems to bo a good one, and.it 
may be an econom^^ for busy orchar-distf; within mBj roeuch of San 
Francisco to purchase it. 

The second apparatus is that manufactured by A. H. hTixon, of 
Dayton, ^ Ohio, and which is described on page 57 of Bulletin 10 of 
the Division of Entomology. It is made in t^hree styles and sizes, 
varying in price from $15 to $55* 
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The Field Force Pump Company, of Lockport, N. Y., have also 
placed on sale a spraying outfit, consisting of a strong force-pump, 
8 feet of discharge hose, spraying nozzle, couplings, and suction pipe, 
all ready to mount on a barrel. The price of this outfit is $10. They 
also haAu^ a spraying apparatus operated by horse-poweTi 


SILK CULTURE— REPORT OF THE YEARS OPERA- 
TIONS. 


MADE TO THE ENTOMOLOGIST. 
Philip Walker, Agent in charge. 

Plates VII and VIII. 


DISTKIBU^UON OP SILK-WORM EGGS. 


The policy of the Department, set forth in the last annual report, 
to distribute only eggs of the large Milanese varieties, has been fol- 
lowed during the past year, and a supply of eggs of the same races 
has already been purchased for distribution the coming season. 
These eggs have, in general, given excellent results, many persons 
having produced at the rate of 120 pounds of fresh cocoons for each 
ounce of eggs put in incubatio]i. The distribution of last year 
amounted to about 150 ounces of eggs, sent to about 360 applicants, 
inhabiting almost every State east of the Rocky Mountains. These 
eggs were distributed in quantities varying from one-quarter of an 
ounce to one ounce. A suitable hibernating box was constructed at 
the Department some two years ago, and in it we have been enabled 
to keep eggs up to the moment tliat silk-raisers were ready to begin 
the rearing, at which xioriod the distributions usually take place. 

With the Commissioner's authority and under your instructions I 
have visited the silk-fields of Europe during the summer, and among 
other establishments insx^ected the egg-producing stations of Signor 
Susani, in Italy, and M. Deydier, in France. A descrix^tion of these 
institutions and their methods of work will xirove of interest to silk- 
growers. The eggs from M: Deydier^s establishment have been 
largely used in the United States and have given universal satisfac- 
tion. 

EUROPEAN EGG-PRODUCERS. 


After Pasteur made his discoveries, which resulted in the estab- 
lishment of his system of microscopical selection in the production 
of Silk-wmrm eggs, Signor Susani, of Milan, was one of the first to 
put the process into operation on a commercial scale. He now has 
the largest establishment of this sort in the world, employing 3,000 
hands during the coupling season and 750 for microscopical examina- 
tion. His place is situated at Albiate, about 10 miles northeast of 
Milan, and is called the Cascina Pasteur. The building is about 100 
feet wide by 120 feet long, the center of the ground floor being occu- 
pied by the hibernating room, vvmicli is so well described by Maillot* 
that his account of it is rexiroduced here: 

This room is 20 meters long by 5 wide and 4 high; its walls are double, the exterior 
one being 70 centimeters and the interior one 15 centimeters thick: the floor is 


* Lemons Sur le Ver a SoiC du Murierj p. 85. 
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formed by a layer of rubble, covered with hydraulic cement; the walls and floor 
are covered with asphalt. The ceiling, m ade of iron and brick, is covered with a 
layer of sand, over whicJi is a floor, which in turn is covered with a large quantity 
of sawdust. To this ceiling are suspended three long boxes of galvanized iron, in 
which there circulates a concentrated solution of chloride of magnesium, which 
only freezes at — 20° C. This liquid is cooled by suitable refrigerating machines, 
and is carried from them in pipes to the boxes of the hibernating room. The air 
contained in this room is dried by masses of quicklime placed in wooden boxes; 
this air is renewed through openings in the doors and windows, and they are also 
careful to open for an mstant a little before sunrise the windows which, give on the 
surrounding rooms. 

The refrigerating machine is one employing sulphurous acid after Pictet’s method. 
The receptacle in which the liquid sulphurous acid is gassified is entirely plunged 
into brine, which is consequently copied as the apparatus operates. This cold brine 
is forced by means of a pump into the troughs on the ceiling. At the same time 
another pump takes the sulphurous gas and liquefies it in a second receptacle, from 
whicii it is made to run from time to time into the first. 

To assure the regularity of temperature in the cold room two Pictet machines 
are used alternately and prevent the suspension of work in case of accident to one. 

This arrangement enables Signor Susani to safely hibernate large quantities of 
eggs, which amount sometimes to more than 60,000 ounces per year, though the 
capacity of the chamber reaches 100,000 ounces. 

On each side of the hibernating room are the rooms occupied by 
the microscopists and their helpers. The division of labor in the 
preparation and examination of moths has here been carried to great 
perfection, the cells containing the eggs passing through the hands 
of three operatives before they reach the microscopist. The moths 
are carried to her already crushed in a small mortar, which occupies 
one compartment of a box, in the other division of which is placed 
the corresponding cell of eggs. Twenty or these boxes fdl a tray, 
which serves to carry the stock through the different parts of the 
room while the moths are submitted to the various examinations. 
The microscopist theb examines the twenty moths, one by one, 

E lacing tin tags bearing her number on the boxes of those which 
ave shown corpuscles. The tray is then passed to the table of the 
first comptroller.’’ 

At this table an attendant takes small portions of the liquids of 
each of the healthy moths and mixes them intimately in a small por- 
celain jar, the contents of which is examined by the comptroller. If 
he finds no traces of the pebrine after examining several slides from 
this lot, the jar containing the mixture is sent on to the second comp- 
troller, who has portions of it mixed with like portions of the con- 
tents of several other jars, and submits the new mixture to another 
examination. If, on the other hand, the first comptroller has found 
disease in the mixture examined by him, the tray from which it was 
taken is sent back to the microscopist for further examination. 

The cells passed by the second comptroller are then sent to a man 
who separates the pure eggs from the impure. In addition to the 
force of microscopists and their immediate helpers a large force of 
laborers, all girls and women, are occupied in the cleansing of the 
mortars and other apparatus used. The cells of unhealthy eggs are 
at once destroyed by fire, while those containing good ones are turned 
inside out and hung in the loft upon racks, under which sheets are 
laid to catch any eggs that may drop. The eggs are washed from 
the cloths later in the year when the microscopical work is termi- 
nated. 

The advantages claimed for this sj^stem of double control” are 
denied by many persons whose ojoinion on the matter is well worth 
cohsideration. Their objections to it are based on the following 
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reasoning: Suppose the extreme case of a tray containing twenty 
moths which have been pronounced healthy by the microscopist. If 
one of those moths were diseased it would be quite as possible as 
not to overlook the corpuscles w^hich it contained in a mass of over 
a fluid ounce of the mixture^ and once it is passed by the first comp- 
troller the chance of its being discovered by the second is much 
smaller, as he takes but a small portion of the primary mixture and 
combines it with portions of others which might have been entirely 
healthy. Altogether they claim that the double control is but a 
step in an unworthy system of advertising. 

At the Deydier establishment, which is situated at Aubenas, in 
the Department of the Ardeche, in France, this system of double 
control has been abandoned, the microscopists being divided into 
small groups, one operative supervising the accuracy of the work of 
the others of the group. The French establishment occupies an old 
filature building, and is not so completely fitted up as the Italian one. 
The production of eggs reaches about 15,000 ounc^es per annum. M. 
Deydier informed me that he had noticed that coboons raised in the 
United States from his eggs were larger and better than those from 
which the eggs were originally produced in France. This, however, 
is not an unusual result of transplanting stock to a new climate. 

MULBERRY TREES. 

'No effort has yet been made to rear Silk- worms on an extensive 
scale at the Department, because, though Osage Orange leaves may 
be easily obtained in any desired quantity, it has been impossible to 
find, in the immediate vicinity, a proper supply of Mulberry leaves 
with which to make comparative tests. A plantation, however, has 
been recently started in the Department grounds, which includes 
some of the best varieties, and is hoped that we shall soon have a 
plentiful supply of food. Among other trees recently purchased 
are some from the Cattaneo nurseries, near Milan, where the care of 
the young trees is so systematic and well-conducted that an extended 
description of their methods will not be out of place here. Judg- 
ing from our own experience it is not the custom of American nursery- 
men to in any way prune or train their Mulberry trees while in their 
plantation. As a result it is found to be almost impossible to train 
a two or three year old tree so that its foliage may be picked with 
the proper facility. The proper pruning and training of Mulberry 
trees is excessively important, as it is conceded upon all sides that 
three times as many leaves may be picked, in a given time, from a 
well-pruned tree as from one where nature has been allowed full 
sway. The methods employed in the Cattaneo nursery, while almost 
identical with those described in the tenth chapter of your manual on 
the Silk- worm, tend to show the care with which European nursery- 
men handle their stock from the seed up, so that a four-year-old 
tree, when sent from the nursery, is in just as good condition as if it 
had been raised on the silk-grower’s own plantation. 

THE CATTANEO NURSERIES. 

The Cattaneo nurseries have their ofS.ce in Milan and their plan- 
tations in the immediate vicinity. They make a specialty of a Whit© 
Mulberry, which they call the Primitive,” the original stock of which 
they imported at great expense from China. It is, as far as can be 
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determined by casual examination^ practically the same tree as the 
japonica, which has been largely planted in this country, and the 
advantages claimed for it are its rapid growth and large, nutritious 
leaves. The trees sold by the Cattaneo Com]3any are all seedlings, 
and their manner of cultivation is as follows : 

The seeds are planted in the month of J une in little rills, and the 
first year they attain a height of about 2 feet. The spring of the 
second year they are transplanted and set out in quincunx, the rows 
being a^bout 3 feet apart. The following spring they are cut down 
to the ground and one shoot only allovn3d to grow. This shoot attains 
a height of about 8 feet in one year, and has leaves as large as the 
two hands springing from its whole length. The fourth spring it 
is cut off to form the crown, at about 6 feet from the ground, and but 
three or four fine buds allowed to grow into branches, the rest of the 
stem being carefully kept free from suckers. The fifth sx>ring it is 
ready for permanent ]3lanting and, in good ground, will furnish from 
40 to 50 pounds of leaves the first year thereafter. Plate YII shows 
one of these trees eiglit years old from the seed and Plate VIII the 
same tree Avithoiit its leaves. The tree from which these cuts vfere 
photograxihod was 26 feet high and 56 feet in circumference. 

EXPERIMENTAL STATIONS. 


It has been found necessary in European sericultural countries to 
constantly study the practical rearing of Silk- worms from a scientific 
point of view, so as to prevent the s|)read of false ideas and methods 
of work and eliminate such fallacies as may have found root in the 
minds of silk-growers. The Austrian Government first opened an 
experimental station for this |uirposo at Goritz, in 1870. The ’svork 
of this station has been descrioed in the rejiort of the American ij min- 
ister at Vienna, which was printed in Vol. XII of the Consular Re- 
ports, page 262. The example thus set by Austria was soon followed 
by Italy in the establishment of a similar station at Padua, and by 
France, whose station is in connection with the University of Mont- 
pelier. All of these stations are in charge of men of great eminence 
in the science to v^hich they have devoted their lives, Plaberlandt 
being director of the Goritz station, Verson of that at Padua, and 
Maillot of the French institution. If the aims of the Department in 
establishing silk culture in the United States should be successful it 
will undoubtedly be necessary for our Government to follow the ex- 
ample thus set them in Europe, and it may therefore be of interest 
to jmblish an account of the station at Padua, as translated from a 
recent Italian work. It may bo well to add that the Italian Govern- 
ment has also established upwards of sixty observatories in different 
parts of the Kingdom, which co-operate with the central station and 
become valuPvble means of collecting sericultural statistics, dissemi- 
nating useful information, and aiding silk-raisers by the microscop- 
ical examination of eggs and other useful labors. Such observa- 
tories might ultimately be establislied in the United States in connec- 
tion with the recently- organized agricultural experimental stations in 
the difcerent States. 


THE ROYAL SERICULTURAL EXPERIMENTAL STATION AT PADJJA^ 

During tire year 1870 the Austrian Government opened an experi- 
mental station at Goritz with a view to studying “the malady” of 
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the Silk- worm. Italy, where silk culture io one of tlie priiicixjal 
sources of wealth, was not long in following this example, and in the 
month of April, 1871, a royal decree established at Padua an insti- 
tution called '' The Experimental Sericultural Station.” The Italian 
Government and the city and chamber of commerce of Padua pay 
the expenses of this institution. Its objects are : 

(1) To study the raising of Silk-worms under the best conditions, 
and experiment with the products thereof. 

(2) To study the feeding of Silk -worms both by means of physio- 
logical and chemical experiments. 

(3) To study the causes of the diseases of Silk-worms and of the 
Mulberry, 

(4) To produce and distribute healthy Silk-worm eggs and to ex- 
amine eggs for silk-growers. 

(5) To experiment Avith new varieties of eggs, as well as Avith ail 
other articles whicli coiLcerii the magnanerie. 

(G) To undertake all such studies and experiments as might be 
useful to sericulture. 

(7) To distribute circulars and to deliver lectures so as to make 
generally knoAvn the best means of succeeding in silk culture. 

(8) To" giAm the greatest possible publicity to all matters connected 
with the sericultural industry in the Kingdom of Italy. 

The governing body of the sericultural station consists of an ad- 
ministrative council, of which the director is a member, the members 
of the council hold office for three years, one-third of its member- 
ship going out of office each year. 

The director is the chief of the institution, and his staff consists of 
a deputy and an assistajit. It is their duty to do everything, either 
by study or by experiment, to adAornce the industry in the Kingdom. 

Beside the buildiiig occupied by the station there is also a green- 
house for Mulberry trees, the leaves of which are employed in mak- 
ing advance educations, that is to say, educations before the usual 
season. There is also a small plantation containing a collection of 
the best varieties of Mulberry trees. Besides the magnanerie there 
is also a small filature of tAvo basins used in testing the (piality of 
cocoons. 

The apparatus of the station consists of tAventy microscopes, from 
several of the best Tuakers, of plaster models, of maps, of incubators, 
etc., in a word, of all articles relating to silk culture. 

EiVery month this station publishes a journal called ^‘The Bulle- 
tin of Sericulture.” {BidleUno di 

Every year there are tAA^o classes instructed; one of men, Avhich 


asts three months (April, May, and June), another of Avomen (July 
and August), The station has done inestimable service for sericul- 
ture, it having granted diplomas to 250 pupils, who noAV occupy 
places in the sericultural observatories and siiread their knowledge 
among silk-vroAvers. 


EXPERIMENTAL SILK FILATURE AT AA'ASHINGTON. 

The first reeling done in the experimental silk filature of the Depart- 
ment Avas during the AAUoek ending October 30, 1886. The consump- 
tion of the crop of the season of 1886 was terminated on August 13, 
1887. During that period the work Avas not continuous, but Avas in- 
terrupted at Aurious times and for various causes. In the nine and 
one-half months coAmred by the period mentioned, 1,057 pounds of 
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dry cocoons were consumed in the production of 263 pounds of reeled 
silk and 81|- pounds of waste {frisons). Of these quantities, 556 
pounds were cocoons of first quality and produced 143 pounds of 
reeled silk and 41 pounds of waste; and 501 pounds of second-grade 
cocoons produced 120 pounds of reeled silk and 40| pounds of waste. 

We began the consumption of the crop of 1887 on the 15th of 
August, and haye until the present time been principally occupied 
in the consumption of second-grade cocoons. It will be seen from 
the above figures that the rendition of the second-quality cocoons of 
1886 averaged 4.271 pounds, or that 23.4 per cent, of the cocoons con- 
sumed were recovered in reeled silk and 8.1 per cent, in waste. It 
may be added that the limits of weekly rendition of these cocoons 
were 4.051 pounds, or 24.7 per cent., and 4.558 pounds, or 21.7 per 
cent. The second-grade cocoons of the crop of 1887 have given far 
better results than those of the previous crop, the average rendition 
having been 4.016 pounds of cocoons per pound of reeled silk, or 
24.9 percent., and the limits 3.895, or 25 per cent., and 4.152, or 24 
per cent. The more uniform results obtained this year are due to 
the more thorough mixing of the cocoons of the various lots em- 
ployed. 

Very few first-grade cocoons of the crop of 1887 have been hand- 
led, but from those fevv^ we have been able to determine that the 
average results for the year will, with the first grade, as with the 
second, probably be better than were the best results for the previous 
crop. It will be possible to give figures substantiating this outlook 
only at the end of the year. It may, in general, be said that the co- 
coons received at the filature are better packed and show a greater 
degree of care on the part of the raisers than did those purchased a 
year ago. 


PRODUCTION AND PURCHASE OF COCOONS. 

The silk-growers of the United States are so few and are spread 
over so great an extent of country that it is impossible to collect 
any accurate statistics of the quantities of eggs which they incubate, 
or of the quantity of cocoons which they produce. The Department 
is therefore obliged to draw its conclusions as to the annual crop 
from the purchases made in the different filatures. The only pur- 
chasing stations of which the Department has any information are 
its own, at Washington ; that of the Women’s Silk Culture Asso- 
ciation, at Philadelphia ; that of the Kansas State Silk Station, at 
Peabody ; and tln^t of the State Board of Silk Culture, at San Fran- 
cisco. The first two purchase from almost all the States east of the 
Pocky Mountains ; the Kansas station from that State and the 
neighboring ones, and the California board from the Pacific slope. 
So far as they have been reported tq us the purchases of dry cocoons 
have this year been as follows : 

/ 

Pounds- 


Washington 2, 213 

Philadelphia 2, 196 

Peabody 1, 765 


Total purchases east of the Rocky Mountains 6, 174 


The purchases from the same area in 1886 were 5,115 pounds. The 
California board has not yet furnished us with statistics of its pur- 
ehases. 
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As to the quality of the cocoons purchased this year we have al- 
ready spoken. That they might have been better had, they been 
stifled properly and in large quantities is also very apparent. The 
great importance of this systematic stifling has led us to give much 
thought to the matter and to try some experiments for the purpose of 
establishing the comparative value of our best American cocoous 
and of good cocoons of Italian production. For this purpose a 
quantity of Italian cocoons were imported this fall and the filature 
was occupied for a week in their consumption. The week before we 
had been employed in reeling a lot of first-grade American cocoons, 
well sorted, which had given us a weekly production of 13| pounds 
of silk, with a rendition of 3.557 pounds, or a recovery of 28.1 per 
cent, of silk. The Italian cocoons were, on the contrary, reeled just 
as they were received, without sorting, and while they gave a rendi- 
tion of only 3.778 pounds, or 26.4 per cent., they gave a weekly pro- 
duction of 15^ pounds of silk. The cause of thelow^er rendition was 
due to the lack of sorting, and of the improved production to the 
fact that the Italian cocoons were all stifled together, while the 
American lot was made up of a number of smaller ones, stifled by 
different persons, with the use of different methods, operated aT dif- 
ferent degrees of temperature. The importance of all cocoons in a 
lot being uniformly stifled appears in the cooking of the cocoons, for 
it is necessary to cook an overstifled cocoon longer in order to soften 
its gum than it is to cook one stifled at the proper temperature. The 
result then is, in a mixed lot, that in order to cook the overstifl.ed 
cocoons we boil the others to pieces and they give off too great a pro- 
portion of waste. 

It is hoped that special arrangements may be made to purchase 
fresh cocoons this year, thus enaWing silk-growers to dispose of their 
crops and to receive their money therefor about three months earlier 
than usual, and at the same time avoid the possible destruction of 
their cocoons through improper stifling or care. The advantage to 
be derived by the Department through systematic and regular stifling 
will be such as to enable us to offer 40 cents a pound for the best 
fresh cocoons, which is equivalent to at least $1.20 for dry cocoons, 
instead of $1.15, the highest price yet paid. 

One of the chief burdens hitherto imposed upon silk-growers has 
been the onerous transportation rates charged on their shipments, 
which in many cases have eaten up the profits, which at the best 
were small. In our earnest desire to establish this industry in the 
United States we shall do all in our power to lessen this burden the 
coming season. To what extent we can aid silk-growers in this mat- 
ter will be stated more fully in a circular to be issued later in the 
year. 

The importance both to the silk-growers and silk-reelers of the 
success of this plan to purchase fresh cocoons can not be overesti- 
mated, and this success will largely depend on the quantity of fresh 
cocoons which are purchased. And further, the ability of the silk- 
grower to send in his crop during the limited period when fresh co- 
coons are purchased must depend upon the promptness with which 
he puts his Silk-worm eggs to hatch upon the appearance of the first 
buds upon the food plants from which he intends to nourish his 
worms. While, however, early raising is strongly urged upon all 
silk-growers, it must not be forgotten that there is always danger 
from late frosts, which may kill the leaves and deprive the young 
worms of their food. 
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One of the best lots of cocoons that we have received at the filature 
this year was sent in by a lady living in Johnson County, Mo. She 
writes iis in regard to the expense of raising these cocoons as follows: 
''Twenty dollars would cover the expenses (excluding labor) for 
both years that I have been engaged in the work, or $10 for each 
year. This year I incubated 31- ounces of eggs and raised G7f 
pounds of dry cocoons, for which the Department paid me $77.90. 
My mother and my four children assisted me in this work.’’ It will 
be seen that the results obtained by this lady were but 58 pounds of 
fresh cocoons per ounce of eggs, whereas, as has already been stated, 
some of our correspondents have raised as much as 120 pounds, or 
more than .twice as many. These results were, how^ever, obtained 
with quarter-ounce lots and would have been reduced with larger 
educations. 


CO-OPEKATING ORGANIZATIONS. 


In addition to the work alread^^ described as done at this Depart- 
ment, the State of Kansas has been experimenting under autliority 
of an act passed in 1887, having established a station at Peabody, in 
Marion County. They have been very active in their work, both in 
operating a non-automatic filature of eight basins and in dissemi- 
nating information in regard to the industry throughout the State. 
The Women’s Silk Culture Association at Philadelphia is continuing 
the experiments in reeling silk under a Congressional appropriation, 
and the Ladies’ Silk Culture Society of California, under a like 
subsidy, is organizing for the coming season. , The State of Califor- 
nia has also continued to support its sericultural board, which claims 
to be doing excellent work. 

Altogether the interest in the industry seems to be much more 
active throughout the country than it was a year ago, and we may 
safely say that a very material progress has been made during the 
past year toward the establishment of silk culture in the United 
States. 

We urge the importance to this work of the formation of clubs 
for mutual benefit, Kot of associations destined to help in spreading 
silk-growing, nor to distribute material, but of combinations of 
neighbors who may help each other by their experience and by an 
interchange of ideas. Tl;ey may unite in the hibernation and incu- 
bation of their eggs, one hibernating box and one incubator intelli- 
gently managed being sufficient for all tlie silk-growers in a town. 
The season’s work done, tliey may, if they can not sell their cocoons 
while fresh, again unite in the usc3 of the same stifling apparatus and 
in the transportation of the cocoons to market. In all these opera- 
tions such combinations will save much exjierise and, if the work be 
well directed, will realize material results in the increased size of the 
crop and the enhanced price received for the cocoons. Such clubs 
would form centers of information in each section and ultimately 
serve as nuclei for organization in making tlio strength of the silk 
industry felt in the national and State legishitures. Should this 
advice result in the formation of such bodies, the Department will 
assist them in every way hi its poYvuu*. 
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REPORTS 


OF AGENTS. 


EEPOST Olf THE GAS TEEATMEIJT PGE SGALE-IHSECTS. 


By D. W. COQUILLETT, special Agent. 


Los Angeles, Cal,, Jamia'igj 20, 1888. 


Sir: I have the honor to transmit herewith my report upon the gas treatment for 
scale-insects {Coccidce). 

Shortly after my re-appointment last July as an agent of your division the 
supervisors of this county withdrew their offered reward of $1,000 for a perfect 
exterminator of the Icerya, and their reason for so doing is thus given by the Los 
Angeles Herald: 

‘ ‘ On Saturday last the board of supervisors decided to rescind the reward of 
$1,000 which they had offered for the discovery of a remedy which would exter- 
.minate the White Scale Bug and other pests injurious to fruit trees. They came to 
this decision for the reason that it is l)elieved that Mr. Coquillett, the Government 
appointee, has by his gas system mastered the pioblem which has so long been a 
puzzle to all fruit-growers.” 

My experiments have been conducted in the orange groves of Mr. J. W. Wolf- 
skill, of this city. Both Mr Wolf skill and his foreman, Mr. Alexander Craw, have 
aided me much in my work, as has also Mr. W. G. McMullen, one of the members 
of the Los Angeles County Horticultural Commission. 

Your own advice and frequent expressions of confidence hav^e done much toward 
giving to my work whatever of merit it may possess. 

Very respectfully, 


Prof. 0. V. Riley, 

U. S. Entomologist. 


D. W. Coquillett, 

Special Agent. 


THE GAS TREATMENT FOR SCALE-INSECTS. 


The process of destroj^ing insects on x^lants in hot-houses by fumigating vdth sul- 
phur, tobacco, and various other noxious substances, lias long been in vogue, but 
up to a recent date this mode of warfare against insect pests lias not been e.^^tended 


to trees and plants growing in the' ope 




earliest record I possess of any at- 


tempt of this kind is a copy of the specifications for a patent (No. 64667) granted 
to Mr. James Hatch, of Lynn, Mass., on the I4th of May, 1SG7. The following ex- 
tracts from these specifications will sufficiently explain the method pursued by Mr. 
Hatch: 

“ The invention relates particularly to the manner of effecting the destruction of 
insects known as Canker-worms, after their lodgment in trees and while consum- 
ing the foliage thereof. * ^ I cover tlie entire head of the tree with a thin cloth 

of close texture, drawing the edge's around the trunk, so as to envelope the branches 
in a sort of sack. Near th * tree I ha \ a furnace, over which is placed a pan con- 
taining tobacco, pepper, or other substances, the smoke from which will stupefy or 
kill the worms; and from this pan I lead a pipe directly into the sack. Applying 
heat to the pan by a lamp or by fuel introduced into the furnace, the smoke gen- 
erated from the tobacco or other substance in the pan is thrown into the sack and 
soon fills it, coming into contact with all the leaves, and either killing or instantly 
dislodging every w'orm and all other insects that may be in fhe tree.” 


This method of destroying insects on trees could not have 


been 


very widely 

adopted. Dr. A. S. Packard, who for several j^ears lield the office of entomologist to 
the Massachusetts State Board of Agriculture , writes me that he is not aware that 
this method lias been practiced in any pare of tlie Atlantic States. I can jfind no 
reference to it, nor to any similar method having been used in any of the States east 
of the Rocky Mountains from the date of the Hatcli patent up to the present time. 

For several years past many attempts at destroying scale-insects with gases and 
fumes hav^e been made in southern Calif ernia. For this purpose the infested tree 
was inclosed in an air-tight tent the lower part of whicli was either fastened ^iround 
the trunk of the tree' or allowed to fall upon the ground; in the latter case a small 
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quantity of earth was thrown upon the lower part of it, to prevent the escape of the 
gas or smoke. The tent was then filled with the smoke or gas experimented with. 

Among the first to make experiments of this kind were Messrs. J. W. Wolf skill 
and Alexander Craw, of Los Angeles; Mr. John Wheeler, of San Francisco; Hon. J. 
DeBarth Shorb, Col. J. R. Dobbins, and Mr. B. M. Belong, of San Gabriel. The 
substance most commonly experimented with was the liquid bisulphide of carbon 
(CS 2 ), but this did not jirove entirely satisfactory, owing to the time requhed for it 
to evaporate and become diffused in the tent. 

Probably no person has spent more time and money in trying to discover some 
effectual method for destroying the scale-insects with gas than has Mr. J. W. Wolf- 
skill, of Los Angeles. In a paper read at a meeting of fruit-growers, held in this city 
on the 7th of October, 1887, Mr. Alexander Craw gave an account of the experi- 
ments made by Mr. Wolf skill and himself, from which we extract the following: 

“ Previous to the year 1884 we had only the Black Scale {Lecanium olece), to con- 
tend with in the Wolf skill orange groves, and these scales were easily kept in check 
by an application of whale-oil soap in the form of a spray; one aj)plication every two 
years was sufficient. In the fall of the year 1884 we found a few trees on the south 
side of the large grove infested with the Cottony Cushion-scale (Icerya purchasi); 
they became infested from an adjoining grove. We prepared for war, and soon had 
our spraying apparatus at work upon them. As we were in for extermination, we. 
made a very strong solution of the whale-oil soap — so strong it almost defoliated the 
trees — and upon examination it looked as if we had gotten rid of the Icerya. A short 
time afterward, however, we found that the trees were again infested, and we 
sprayed again, using as much as 50 gallons of the solution to each tree; but even 
with all this care, some of the Icerya escaped and soon covered the trees again, 
spreading in a northeasterly direction through the grove. We then cut the trees 
back, letting the branches drop upon a large ca^ivas and afterward burning them; 
we washed the stubs and trunks of the trees with the whale-oil soap solution, Jbut 
even this severe treatment vras not efiective, so we concluded tiiat spraying would 
not check this prolific creeping curse. 

“Knowing the fatal effects of a high temperature upon the young of the Black 
Scale, Mr. Wolf skill suggested experimenting wifla heat; accordingly he had a tent 
constructed, and also a sheet-iron stove that would send the heat into" the tent. We 
put the tent over an orange tree, and raised the temperature to 128° Fahrenheit for 
over an hour; this kiUed the Black Scales, but the Icerya seemed to enjoy the heat. 
The tree was injured, so we gave up dry heat. We next tried steam from a small 
steam-boiler; this cooked the top of the tree, but upon the lower half the Icerya 
were as hvely as ever. Our next experiment was v^dth tobacco smoke; this test 
lasted six hours, but had no effect upon the tree or scales. Sulphur fumes were also 
iried; this bleached the foliage, but did not harm the Icerya; a heavier charge killed 
both the tree and the scales. Among other experiments made under the tent vrere: 
Concussion from gunpowder; inuriatic acid gas; carbonic acid gas; liquid chloro- 
form, and also the gaseous chloroform manufactured under the tent from chloride 
of lime and methyl alcohol; arsenic, and other fumes and gases. We had very en- 
couraging results from the liquid bisulpiiide of carbon ; when confined for ten, twenty, 
or thirty minutes, or even for one hour, no satisfactory results were obtained, but 
when it was confined three liours it killed all of the scales, which soon assumed a pale 
buff color. The gas, being a very powerful solvent, also acted upon the eggs^ and 
they were destroyed, while the trees were not injured; in fact, a "few weeks after- 
ward they started into a vigorous growth. Our efforts were then directed towards 
evaporating the bisulphide quickly; heat, steam-baths, agitation, circulating the air 
in the tent, exposing the bisulphide in shallow pans, and saturating sponges with it 
were tried, bxit without hurrying matters much. 

“Prof. D. W. Coquillett was so well impressed with our method of treating 
trees that he decided to investigate the subject; accordingly, in the month of Sep- 
tember, 1886, he began experimenting in the WoKskill orange grove, and soon dis- 
covered that hydrocyanic acid gas would kill the scales and their eggS, but it also 
injured the foliage of the tree. We then united our efforts to remedy this evil, but 
it was something that required very close observation. We found that by with- 
holding the water and allowing the sulphuric acid to come in contact with the dry 
cyanide of potassium in a fine stream we could treat trees without injuring even a 
blossom, while the gas proved fatal to the Black Scale (Lecanium olece), Red Scale 
(Aspidiotus aurantii)^ and the San Jose Scale (Aspidiotus perniciosus) confined in it 
ten minutes, but the Cottony Cushion-scale (Icerya purchasi) and eggs required a 
confinement of nearly thirty minutes. 

“We then perfected an apparatus for putting the tent on tall trees quickly. This 
occupied a great deal of time, but we finally succeeded so well that we could change 
the tent from one tree to the other in less than two minutes. Mr. A. B. Chapman 
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and Mr. L. H. Titus, of San Gabriel, became impatient at the delay and requested 
Professor Hilgard, of the State University, to send them a chemist, and they would 
pay his expenses. In the month of April, 1887, Mr.F.W. Morse was delegated for 
this purpose, and he, too, finpJly discovered that hydrocyanic acid gas would kill the 
scales; but Professor Coquillett had made the same discovery over six months pre- 
viously, so that the credit of this discovery belongs to this latter gentleman. Much 
credit is also due to Mr. J. W. Wolf skill for the great amount of time and money 
that he has devoted to this cause. 

“Alexander Cb,aw.” 

I am not aware that either of the other experimenters mentioned above have ever 
published the results of their experiments, nor have I been able to obtain any notes 
from them upon the subject. 

Many years ago Dr. George Dimmock, one of the editors of Psyche, made a num- 
ber of interesting experiments with pure gases on various insects, and his account 
of these experiments is given in the March- April number of that journal for 1877. 
The results obtained by him are briefly as follows: 

“ Carbonic acid gas (carbon dioxide) did not prove fatal to beetles confined in it 
for one or two moments, but several sow-bugs {Oniscus) confined in it from twenty 
to thirty minutes never recovered. Mixed with oxygen in the proportion of three 
parts of the former to one of the latter, it did not prove fatal to a beetle confined in 
it three minutes. When mixed in the proportion of sixty-six parts of the carbonic 
acid gas to thirty-four parts of oxygen, it did not prove fatal to a beetle confined in 
it five minutes, nor to a wire- worm {Elateridce) confined in it thirty minutes, and of 
several sow-bugs (Oniscus) confined in it fifty minutes, to some it proved fatal while 
to others it did not. 

“ Carbonic oxide gas (carbon monoxide) did not prove fatal to beetles confined in 
it t(?n minutes, nor to butterflies confined in it thirty minutes. 

‘ ‘ Hydrogen did not prove fatal to a beetle and butterfly confined in it five minutes. 

“ Oxygen did not prove fatal to a spider confined in it one hour, nor to a beetle 
confined in it for three days. 

“ Nitric oxide (hTO) proved fatal to a beetle confined in it only fifteen seconds, 
while several sow -bugs (Oniscus) confined in it from forty to sixty seconds never 
recovered.” 

My own experiments with the nitric oxide mixed with air did not prove as suc- 
cessful as those made by Dr. Dimmock with the pure ga,s; in fact, the brown, fuming 
tetroxide proved more fatal to the Icerya than did the colorless oxids. 

I first began experimenting with gases in the month of September, 1886, and have 
since continued it at intervals up to the present time; an account of these experi- 
ments will be found at the end of this report. Among the numerous gases tried 
none have given as good satisfaction as the hydrocyanic acid gas; an account of the 
discovery of the efiects of this gas is given in the paper by Mr. Craw, reproduced 
above, and need not be repeated here. Several of the other gases experiraented 
with by me have not as yet been given sufficient trial to justify me in reporting 
either for or against their use as insecticides. 

In the month of April, 1887, several of the fruit-growers of San Gabriel, wlio had 
become acquainted with the results that Mr. Wolf skill, Mr. Craw, and myself had 
obtained with the hydrocyanic acid gas, applied to Prof. E. W. Hilgard, of tlie Cal- 
ifornia State University, Berkeley, for a chemist to assist them in experimenting 
with various gases, and he delegated Mr. F. W. Morse. Mr. Morse experimented 
with aboutifhalf a dozen diiferent kinds of gases, but found none so eifectual as the 
hydrocyanic acid gas, which I had used over six months previously. His report 
will be found in Bulletin No. 15, Division of Entomology, of this Department. He 
was the first to use an apparatus for agitating the air in the tent, but this idea ap- 
pears to have originated with Professor Hilgard, who writes me that lie instructed 
Mr. Morse to always agitate the air in the tent after introducing the gas. 

In the months of September and October, 1886, Mr. Albert Koebele, one of the 
entomological agents of this Department, made a few experiments witli the liquid 
bisulphide of carbon, an account of which he gave in his report to Prof. C. V. 
Riley, published in the report of this Department for the year 1^6, page 569. The 
results of these experiments, however, especially those made under a tent, are so 
discrepant as to leave one in doubt as to the value of the bisulphide as an insecticide. 

During the past season I have made several experiments with the liquid bisul- 
phide, the main object being to devise some method whereby it could be evaporated 
more quickly than by merely exposing it to the air, but the results of these experi- 
ments were not entirely satisfactory. I next manufactured the bisulphide by pass- 
ing the vapors of sulphur over red-hot charcoal and conducting the gaseous bisuh 
phide into the tent ; but the numerous experiments I have made with the bisulphide 
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thus produced indicate tliat it can never be successfully used for the destruction^ of 
insects on trees i 


THE TENTi 

The tent used in inclosing the tree is of the usual circular form, with a conical 
or dome-shaped roof. It is usually made out of heavy bed-ticking, and is afterward 
thoroughly oiled with boiled linseed oil ; care should be exercised not to leave the 
tent folded or rolled up while still damp with the oil. A tent belonging to Mr. J. 
W. Wolfskin, of this city, had been recently oiled, and when nearly dry was rolled 
up and thrown upon the ground where the sun shone upon it ; this was in the fore- 
noon, and when it was unrolled the next morning the greater part of it was found 
to be charred, as if by lire. 

It would be desirable to use some kind of ready-prepared cloth for making the 
tent, but thus far no substitute for the oil-cloth has been found. I have received 
samples of water-proof cloth from the United States Water-proof Fiber Com- 
pany, of New York, but ecen the heaviest grade, although evidently water-proof , is 
far from being air-tight. A sample of twilled sheeting, prepared especially for this 
purpose, is much closer in its texture than the above, but is not air-tight ; they 
offer to furnish it at about 10 cents per yard, tlie heavy bed-ticking referred to 
above costing in Los Angeles about 19 cents per yard. 

I have also received samples of rubber cloth manufactured by the Boston Rubber 
Company, of Bo: 3 ton, Mass. Their lightest and cheapest grade is a thin black 
cloth, which they offer to furnish and make into tents of any desired size, and with 
the seams closed up ; the price would be about 23 cents per yard. This grade 
might answer for small tents — those not more than 5 or 6 feet high— but it is not 
strong enough for large-sized tents. At my request the company manufactured a 
tent about 12 feet high from this grade of cloth, but found that it was not strong 
enough for the use I intended to make of it. 

They also sent three other grades of rubber clotii manufactured by them, and 
costing from 50 to 65 cents per yard made into tents ; but it is doubtful that either 
of these grades would be strong enough for making large-sized tents. 

I have also received samples of rubber cloth from the Goodyear Rubber Com- 
pany, of San Francisco. Their light gossamer cloth is evidently not strong enough 
tor making large-sized tents ; its price is about 60 cents per yard. Their black 
rubber sheeting is the best that I have seen for this purpose, but the price, 54 cents 
per yard, would doubtless jirevent its being used for this purpose* 

APPARATUS FOE OPERATING THE TENT. 

Where small trees are to be operated upon a sheet might be used for the purpose 
of confining the gas ; or the sheet could first be sewed in the form of a sack, which 
could be easily slipped over a small tree from above, the operator standing on the 
ground , or upon a step-ladder. For operating on large trees, however, a device of 
some kind must be used for putting the tent on the tree, and also for removing it 
again. 

The McMullen Tent. — This tent was originally devised by Mr. W. G. McMullen, 
of Los Angeles, and is designed for operating on trees not over 12 feet high. It 
consists of two upright wooden supports or legs, the upper ends of which are at- 
tached to the opposite sides of a circle made of round iron or steel rods ; this circle 
is intended to pass around the inside of the tent at the junction of the roof and 
sides, and is supported by iron braces passing to the wooden supports or legs. 
The rafters or supports of t’ne roof of the tern are three in number, and their upper 
ends fit into holes bored into a circular block of hard wood, which is retained in its 
place by the weight of the tent ; the lower ends of two of these rafters are attached 
to the circle at the upper ends of the two braces on one side of the circle, while the 
lower end of tlie third rafter is attached to the circle at the upper end of the oppo- 
site wooden support, t^e three rafters thus forming a tripod. They should be per- 
fectly straight instead of bowing outwardly. 

The tent itself should be made several inches larger all around than the frame on 
which it is to be placed, to allow for shrinkage when oiled. For the purpose of 
holding the tent in Its place on the frame, narrow strips of cloth may be sewed 
around the inside of the tent where the circle and rafters are to pass, the strips be- 
ing wide enough to permit the circle and rafters to pass between them and the tent 
itself; or, what is still better, they may be sewed in the form of long tubes, through 
which the circle and rafters may afterward be passed. 

On one side of the tent, midway between the two wooden supports, the tent 
itself is slit from the circle to the bottom of the tent, and a strip of cloth 
about 20 inches wide is sewed to the tent along either side of this opening, ex- 
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tending the entire length of the latter, the two strips to be sewed together at the 
top and for a distance of several inches down the side or front. Along the outer 
edge of ecich of these strips sew a wide seam, large enough to admit a piece of quarter- 
inch gas- nij ie. whicli should be long enough to extend along the entire length of 
this opening m tlie tent. When these pieces of gas-pipe are in place, a strong piece 
of cord may V)e attaciied to each, near their Ioa^ er ends, and, passed through small 
pullies. fastened to tlie tent at the upper ends of the wooden supports or legs; by 
pulling down on these cords the door- way of the tent wall be pulled wide open, so 
as to I'cadily allow the tent to pass over the tree. 

To accomplish this the two supports of the tent are lifted up by two persons and 
the tent is passed forv/ard over the tree, after which the lower ends of the supports 
are allowed to sink into holes in the earth previously dug for this purpose, after 
which the holes should be hlled up, the earth being packed quite firmly m them. 
The door-way of the tent is next closed by bringing its opposite sides together and 
wrapping the two pieces of gas-pipe, one around the other, fastening with strings 
sewed to the tent on either side of the door- way. The surplus cloth at the bottom 
of tiie tent is next spread out and earth thrown upon it to prevent the escape of 

the gas. , , 1 

A tent of the above description has been used by myseU and given very good 

satisfaction. I have recommended iron or steel rods for tlie frame of the tent, in- 
stoiid of gas-pipe, since the latter is very liable to break at the joints or couplings. 
►pppi’P is yet neeii of a device of some kind by v^hich the circle at the top of the 
tent could be made larger or smaller at the will pf the operator, and also regulating 
the height of the wooden sui)ports, so as to adapt tl^e tent to the size o'" the differ- 
ent trees to be operated upon. The moving of the tent from tree to tree would be 
greatly facilitated if the wooden supports of the tent were attached to runners like 

those of a sled. ^ 

' The Wolf skill Fiimiga tor . — This apparatus was designed by Messrs. J. W. Wolr 
skill and Alexander Crawy of Los Angeles, and is the first that has been used with 
success upon the largest orange trees. A good idea of its appearance is given in 
plate "V". * 

This fumigator consists of a strong wooden frame mounted on a low wagon or 
truck; in the center is a tall mast, the bottom of which rests upon the wagon reach, 
which is strengthened by iron braces attached to the side pieces of the frame. The 
mast is placed betvreen two pieces of pine timber and a stout iron pin passes through 
these pieces and throiigli the mast. The bottom of the mast is kept ip place by two 
blocks of hard wood bolted to the reach on either side of the mast; their inner ends 
are concave, so as nearly to encompass the lower end of the mast. For staying the 
mast four iron rods are attached at one end to the four corners of the frame 
on the wagon, while their upper ends are attached to an iron clamp which encir- 
cles the mast a little above the middle of tlie latter. 

A short distance above this clamp is an arm or boom and its triangular brace, 
bolted together so as to encompass the mast; at either end of this arm is a frame 
carrying one main roller and two side rollers, the latter being placed at a distance 
of about 6 inches from either end of the main roller, and their office is to prevent 
the tent from passing off of the ends of the main roller while it is being drawn 
over tlie latter. For the support of these rollers and the triangular brace, iron 
rods are attach^ to the top of the mast and pass to either end of each of the roller 
frames, and also to each outer corner of the triangular brace, while two other iron 
rods are fastened at one end to each outer corner of this brace, their other ends 
being fastened to one of the wooden side pieces of the frame on the vngon. An 
iron rod also passes from each outer corner of the triangular brace to either end of 
the roller frame at the outer end of the arm to prevent side motion. 

The tent is drawn off of the tree by means of a rope that passes through the 
two main rollers and down the mast to a windlass attached to the frame of the 
w^agon, extending from one side piece to the other, and passing just behind the 
mast; by turning this windlass the tent is draivn off of the tree, passing over 
the main roller at the outer end of the arm, then over the one at the opposite end, 
and down the mast till the bottom of the tent has been elevated above the tops of 
tlie highest branches of the tree. At the bottom of the tent is fastened a circle of 
gas-pipe, for the purpose of keeping the bottom of the tent spread out while it is 
passing down over the tree ; iron or steel rods made mto a circle wmiild be ^prefer- 
able teethe gas-pipe, which is liable to break at the joints or couplings, fo this 
circle are attached two or three ropes, to be used in pulling the tent down over the 
tree. The main rollers at either end of the arm are provided with a deeply-grooved 
pully in the center of each, over which the rope passes in drawing the tent off of 
the tree, or allowing it to j)ass down over one. 

When it is desired to transport tliis fumigator to a considerable distance the mast 
is lowered by meanaof a derrick composed of four pieces of pine timber; the lower 
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ends of the foremost pieces are attached to the front corners of the frame cn the 
wagon, while the ends of the other two pieces simply rest upon that frame on either 
side of the mast. The upper ends of these pieces are fastened together by a strong 
iron bolt, to which a large pulley is attached. In lowering the mast a large rope is 
attached to it just above the point where the iron clamp encircles it; the other end 
of the rope is then passed through, the pulley at the upper ehd of the derrick, and 
from this point it passes to the windlass, upon which the rope is then wound. The 
block of wood bolted to the wagon reach in front of the mast is then removed, and 
the stay-rods fastened to the frame on the wagon are disconnected; then, by un- 
winding the windlass, the mast is lowered until it rests horizontally upon the 
wagon, turning upon the iron pin that passes tlirough the mast near its base. 

I have used this fumigator repeatedly, and it has given good satisfaction when 
used on level ground and at a time when the wind was not blowing very hard. 
Two men can operate it with ease. For transporting from place to place it is the 
best apparatus that has yet been produced. It is desired to have the stay-rods and 
windlass attached to a turn-table, so that the tent could be taken off of one tree 
and put upon another without moving the wagon; by this arrangement three tents 
could be operated by the one apparatus without any loss of time. It might also be 
desirable to mount this apparatus upon runners, like those Of a sled, but placed as 
wide apart as the trees would admit. 

This fumigator has not been patented up to date. 

The Titus Fumigator . — This apparatus was devised by Mr. L. H. Titus, of San 
Gabriel , and is especially designed for operating on tall trees. It is shown in Plate IV, 
and consists of four corner pcjsts made b}^ bolting together two boards in such a 
manner that they form a right angle with each other; at the upper ends these posts 
are connected by cross-pieces formed of boards bolted together like those forming 
the corner posts. Two of these cross-pieces are longer than the other two, and are 
placed on opposite sides of the frame; they are connected near the middle by two 
cross-pieces, between which is placed the roller upon which the tent is to be wound 
when being drawn off' the tree. These various cross-pieces are braced, as shown in 
Plate 

The lower end of each of the rear corner posts is rigidly attached to an axle, on 
the outer end of which a light wheel is placed, while the inner end is connected 
with the corner post by an oblique brace. The lower end of each of the front corner 
posts is attached to the middle of an axle having a light wheel at each end; the post 
is attached to the axle by an iron bolt, which permits the wheels to be at the same 
moment turned, the one forward and the other backward, like the forward wheels 
of a wagon or buggy. By means of this arrangement the fumigator can be turned 
about in a circle. The front and rear corner posts on each side of the fumigator 
are connected with each other by a cross-piece extending from one to the other, and 
strengthened by braces which extend obliquely from the cross-piece to the posts. 
When this fumigator is in use the front and rear cross-pieces shown in Plate IV as 
extending from the posts on the one side to those on the other are removed, so as to 
permit the frame to pass either forward or backward over the trees. 

The top of the tent is attached by three ropes to the roller, while to the lower edge 
of the tent are attached four ropes, placed at equal distances from each other; each 
of these ropes passes through a pulley attached to a frame near each upper corner, 
and the end of the rope is attached to the lower edge of the tent at the place where 
the opposite end of the same rope is attached. For winding the tent upon the roiJer 
an endless rope is used; this passes around a grooved wheel at one end of the roller 
and is carried through a pulley near the upper end of one of the rear corner posts; 
from this point it passes to and around a grooved wheel fastened to the cross-piece 
near the lower end of this post, and this grooved wheel is operated by a crank. 

In taking a tent off of a tree each of the corner ropes is pulled through its pulley, 
drawing the bottom of the tent upward, thus turning the tent inside out; after the 
tent has been drawn up as far as possible, the crank operating the grooved wljeel 
that works the endless rope is turned, winding the tent upon the roller until it has 
been entirely removed from theffree. The fumigator is thus drawn forward until 
the tent is brought directly over* the second ti’ee, when the ropes attached to the 
ioAvei* edge of the tent are loosened, permitting the tent to drop down ovc'/r the tree, 
at the same time unwinding the tent from the roller, and continuing this until the 
tent rests upon the tree. 

I have helped to operate a fumigator of this kind several times, and it gave very 
good satisfaction, especially the manner in which the tent was let down over tlie 
tree and taken off again. The frame of the fumigator should be so constructed 
as to admit of its being lowered when not in use, to prevent its being injured 
by high winds; three of these funiigators have, to my knowledge, been totally 
wrecked by high winds within the last three months. There is also need of aome 
device by which one of these apparatuses could operate two or three tent^ 
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I am not aware that this fumigator has as yet been patented, although I am of 
the opinion that the inventor has applied for letters patent. 

The Culver Fumigator. — This fumigator was devised by Mr. John P. Culver, of 
Los Angeles, who, on the 26th of July, 1887, obtained a patent on the sanle (No. 
367134). While both the Wolf skill and the Titus fumigators allow the tent to 
pass down over the tree from above ^ the present one incloses the tree from one side, 
being made in the form of two half-tents, which encompass the tree and meet upon 
the opposite side. A very good idea of this fumigator can be gleaned from Plate VI. 

The frame- work of the tent may be constructed either of wood or of band iron, 
and the covering may be a light grade of tin or a heavy grade of canvas or of bed-, 
ticking well oiled with boiled linseed oil. The edges, which are to meet when the 
tent is closed, should be covered with a thick layer of felt. 

The tent is transported from tree to tree upon a pair of runners, like those of a 
sled, fastened together by several cross-pieces, one of which is exactly in the middle, 
and near one end of this cross-piece is firmly attached an upright post, tall enough 
to reach a little above the lower edge of the roof of the tent; this post is further 
strengthened by two wooden braces attached to it near its upper end, their lower 
ends being attached to the runner on the opposite side of the sled. The two halves 
of the tent are attached to the post by means of four hinges, two of which are at- 
tached to the frame of the tent near its lower edge and not far from the jimcture 
of the two halves, while the other two are attached to the frame near the lower 
edge of the roof. The opposite ends of these hinges are attached to upright rods 
fastened to the post near its upper and its lower ends, and are so arranged as to 
allow the tent to be raised or lowered, independent of the post; they are so con- 
structed that when the tent is being closedi it is pushed forward until it is entirely 
clear of the sled, so that when the tent is closed it can be dropped upon the ground. 
The raising and lowering of the tent is accomplished by means of a lever applied 
to the frame of the tent near the point where one of the lower hinges is attached. 

In taking the tent off of the tree the tent is first raised up with the lever until 
its lower edge is above the upper side of the sled, after which the tent is opened and 
the two halves are swung around and allowed to rest upon the sled, as shown in Plate 
VI. The sled is then drawn forward until the junction of the two halves of the 
tent is brought opposite to the middle of the second tree, when the tent is slightly 
raised by the lever and the two halves swung around until they inclose the tree, 
after which they are fastened together and dropped upon the ground. The hinges 
at the upper end of the upright post on the sled are so constructed as to allow the 
tent to lean either backward or forward, so that its lower edge may conform to the 
surface of the ground. 

I have been able to make only a single test with a fumigator of this kind, and it 
gave very good satisfaction. I am of the opinion that this fumigator will prove to 
be both cheaper and easier to operate than either of those described above. There 
is still need of some device by which the same tent could be made smaller or larger 
at the will of the operator, so that it may be made to conform to the size of the 
different trees. Mr. Culver, the inventor, informs me that he intends to use two of 
these fumigators, transmitting the gas from one tent to the other, but it is impossi- 
ble at the present writing to say whether or not he wiU meet with success, as no 
tests of this kind have as yet been made. If successful, this method would reduce 
the cost of treating a tree at least one-half.* 

THE GAS. 

Among the numerous gases which I have tried none have given such good results 
as the hydrocyanic acid gas; even arseniureted hydrogen and sulphureted hydro- 
gen, which are so fatal to the higher animals when respired, fail to produce the same 
deadly effects upon the scale-insects that is produced by the hydrocyanic acid gas. 

The latter, when generated in the usual manner, by acting with sulphuric acid 
upon potassium cyanide dissolved in water, is very destructive to the foliage of the 
trees confined in it. To remedy this three methods are at present known, viz: The 
dry cyanide process, which consists of acting upon the dry potassium cyanide witj^ . 
sulphuric acid; the dry gas process, consisting of acting with sulphuric acid upon 
potassium cyanide dissolved in water and passing the gas through sulphuric acid; 
and the cyanide and soda process, which consists of mixing bicarbonate of soda with 
potassium cyanide dissolved in water and adding the mixture to sulphuric acid. 

The dry Cyanide Process. — In my early experiments with this gas it was plainly 

*Mr. Coquillett writes later: “The tent of the Culver fumigator is now made 
without a frame- work, except the two arches; this makes it both cheaper and lisrhter 
than before, permitting the tent to more nearly conform to the shape of the differ- 
ent trees confined in it.”- — C. V. R. 
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to be seen that the less water the cyanide has been dissolved in the less injurious was 
the effect of the gas upon the tree confined in it. The heat generated in the pro- 
ductio] 1 of the gas is sufficient to vaporize a considerable quantity of the water in 
which the cyanide has been dissolved, and this aqueous vapor collecting upon the 
leaves would condense the gas, which is very soluble in water, forming hydrocyanic 
acid, which is very destructive to plant life. It is also probable that the ascending 
vapor carried with it some of the unchanged cyanide solution, since it was clearly 
apparent that the gas was more injurious to the foliage when generated rapidly than 
when it was produced ipore slowly. Profiting by this discovery I next tried acting 
with the acid upon the dry, finely pulverized cyanide, and the result proved that the 
gas thus produced was less injurious to the foliage than when generated in the usual 
way. It still injured the leaves to a certain extent, due, as it appears, to the fact that 
the ascending gas carried with it some of the fine particles of the cyanide and lodged 
them upon the leaves. My next step was to use the cyanide in large pieces instead pf 
pulverizing it, and the gas thus produced did not injure the tenderest leaves of orange 
trees, even when confined in it for an hour. The proportion of ingredients used was 
about two fluid ounces of sulphuric acid to each ounce of the potassium cyanide. 

Muriatic acid may be used instead of the sulphuric, but it is not as strong, besides 
costing more. Only the best grade of the cyanide, such as that cornmonly used by 
photographers, can be used for this purpose, since the cold acid will not act upon 
the poorest grade, which is commonly used for mining purposes; and this remark 
is equally true in regard to both of the processes described below. 

The dry Gas Process , — I have already alluded above to the fact that the drier the 
gas the less injurious was the effect upon the tree confined in it; and it occurred to 
me that the gas might be generated in ithe usual way, by acting with sulphuric acid 
upon potassium cyanide dissolved in water, and afterward be dried by passing it 
through some medium that would deprive it of its moisture. Knowing the great 
avidity of sulphuric acid for moisture, I determined to use it as a drier for the gas, 
and several tests which I have made with this gas dried in this way prove that it 
does not injure the foliage of orange trees confined in it, while it is just as fatal to 
the scale-insects as is the moist gas. The density of the acid through which the gas 
had passed was lowered about one degree, as indicated by the hydrometer; but this 
would not prevent its use for generating the gas. 

The cyanide is dissolved by boiling in water for a few minutes, using 1 gallon of 
water for each 5 pounds of cyanide. It is desirable to use as little water as possible 
for this purpose, but the quantity could not be very much reduced from that given 
above ; I have tried to dissolve 5 pounds of the cyanide in half a gallon of water, 
Mit ail of the cyanide had not dissolved after half an hour’s boiling. For every 
ounce of the cyanide solution use half an ounce of sulphuric acid, but it is always 
desirable to add some of the acid to the prescribed dose, in order that there may be 
an excess of the acid. No evil results will follow if double the proper quantity of the 
acid were to be used, whereas if less than the proper quantity were used the whole 
Of the gas would not be evolved from the cyanide solution ; hence the advisability 
of always using an excess of the acid. 

In generating the gas the acid should fiow upon the cyanide solution in a very 
fine stream. When they come in contact violent action at once takes place, and 
the gas is rapidly given off in the form of a dense whitish fog, resembling smoke 
and possessing a peculiar odor. When this gas, diluted with air, is inhaled, it pro- 
duces a dryness in the mouth and throat. 

It is impossible to give any deffnite rule for using the different ingredients that 
wUl apply to the differently sized trees, owing to the fact that trees of the same 
height may have a varying diameter of top ; thus orange trees 12 feet tall may 
have a diameter of top ranging all the way from 6 to 10 feet. The manner in which 
the tree is pruned will also make a difference in the quantity of the ingredients to 
be used, some trees being allowed to branch almost from the ground, while others 
are trimmed up from 3 to 5 feet from the ground. 

The following table, based upon numerous experiments which I have made on 
orange trees under a tent 10 feet taU and having a transverse diameter of 10 feet, 
•will give a good idea of the proper quantities of each ingredient to be used in treat- 
ing citrus trees } 


rtn feet-). 

Diameter 
(in feet). 

Cyanide 

solution 

(fluid 

ounces). 

Sulphuric 

acid 

(fluid 

oimces). 

6 

1 / 

2 


10 

10 

.12 

7 

12 

8 

0 

5 

16 

12 

28 

16 

20 

14 

47 

26 
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This tabl© is basod. upon the cubical contents of the space inclosed by the tent 
supposing that the lower part of the tent rests upon the ground. No harm will result 
tree if twice the quantity that I have recommended be used, but of course 
for the sake of economy, it will be desirable to use only such quantity of each in- 
gredient as will be necessary for destroying the scale-insects infesting the tree to be 
treated with this gas. The sulphuric acid should have a density of 65^ when tested 
with an acid hydrometer; should its density be lower than this, use an extra ounce 
of the acid for every five degrees of density below 65". 

The Cyanide and Soda Process.— The third method of rendering the hydrocyanic 
acid gas harmless to the foliage of the trees confined in it consists o mixino this 
gas with carbonic acid gas, the latter having the property of extracting the rooisture 
from the former, forming gaseous carbonic acid. This appears to occur only under 
a certain degree of pressure; thus, if the two gases are generated in the same open 
generator within the tent and allowed to rise and fill the tent, the hydrocyanic ^id 
gas will prove nearly as injurious to the foliage of the tree confined in it as it would 
if no carbonic acid gas had been present. 

The carbonic acid gas is produced by acting with sulphuric acid upon bicarbonate 
of soda or saleratus. The latter is first made into a thin paste with water, using 
about 1 fluid ounce of water to each 2 ounces by weight of the bicarbonate. Several 
seconds elapse after the sulphuric acid comes in contact with the soda paste before 
the evolution of the gas begins; a foamy mass soon appears, consisting of variously 
sized bubbles which rise up in the generator and finally burst, giving forth the 
colorless and odorless gas. A fluid ounce of the acid will evolve all of the gas from 
about 3 ounces of the bicarbonate, weighed before it is mixed with the water. 

The bicarbonate has a tendency to settle ^o the bottom of the solution, forrning a 
compact mass upon which the acid acts very slowly. On this account it is desirable 
to add the soda paste to the acid instead of following the usual method of adding 
the acid to the soda. I have used marble dust in place of the bicarbonate of soda^ 
and the result obtained by its use was as satisfactory a-s when the bicarbonate had 
been used; it possesses none of the adhesiveness of the bicarbonate and consequently 
does not form a compact mass in the bottom of the solution. 

The best results have been obtained when both the hydrocyanic acid gas and the 
carbonic acid gas were produced in the same apartment of the generator. 

The cyanide is first dissolved in water, as described above, using 5 pounds of the 
cyaniole to each gallon of water, and for every 10 fiuid ounces of this solution use 
9 ounces, by weight, of the bicarbonate. The bicarbonate is first made into a thin 
paste with water, as above described, after which it is added to the proper quantity 
of the cyanide solution and thoroughly stirred; the whole is then added very slowly 
to the proper quantity of sulphuric acid, previously poured into the lower apartments 
of the generator. 

The following table will give a good idea of the proper quantity of each ingre- 
dient to be used for the differently sized trees: 


Height 
(in feet). 

Diameter 
(in feet). 

1 , . . i 

Cyanide 

solution 

(fluid 

ounces). 

Bicarbon- 
ate of soda 
(ounces by 
weight). 

Sulphuric 

acid 

(fluid 

ounces). 

6 

5 

2 

H 

H 

10 

10 

12 

11 

11 

12 

8 

9 

8 

8 

16 

12 

28 

27 

25 

20 

14 

47 

43 

40 

1 


The hydrocyanic acid gas will be just as effective if twice the amount of the 
bicarbonate of soda that I have recommended be used, together with a sufficient 
quantity of sulphuric acid to evolve all of the carbonic acid gas from it. This 
latter gas does not act as a diluent, as some persons have supposed, but simply as a 
drier, its sole office being to extract the moisture from the hydrocyanic acid gas, 
thus rehdering the latter gas harmless to the foliage of the trees confined in it. 

The carbonic acid gas does not injure the foliage of orange trees confined in it; 
when sufficiently pure, it stupefies the scale-insects confined in it for half an hour, 
but they wholly recover from the effects of the gas after the lapse of a few hours. 

I noticed that when the trees were treated with the cyanide and soda process in 
the hottest part of a very hot day the foliage was almost as severely injured as 
when the hydrocyanic acid gas had been used alone. We may conjecture that this 
results from the fact that at a high temperature the carbonic acid gas is freed from 
the aqueous vapor, leaving the latter in a proper condition for again uniting with 
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the hydrocyanic acid gas. When these two gases are reduced to the liquid state by 
pressure or by great cold, it is found that the liquid carbonic acid boils at a much 
lower temperature than the liquid hydrocyanic acid does. A given quantity of 
water will dissolve about its own volume of carbonic acid gas, but all of this gas 
thus may afterward be expelled by boiling. 

Remarks . — Of the three processes described above, it is evident that the dry gas 
process is preferable to either of the others. Not only is there less labor in its 
manipulation, but it is also much cheaper than either of the other processes; this 
will readily appear from the following estimates of the cost of the material neces- 
sary for treating an orange tree 20*^feet tall a-nd having a diameter of top of 14 feet: 

Dry cyanide process. 


24 ounces potassium cyanide, at 5 cents per ounce $1. 20 

52 fluid ounces sulphuric acid, at 1 3^3" cents per ounce 64 

Total 1.84 


Dry gas process, 

47 fluid ounces cyanide solution, at 2^ cents per ounce $1. 20 

26 fluid ounces sulphuric ?icid, at 1 1% cents per ounce .32 

Total 1.52 

Cyanide and soda process, 

47 fluid ounces cyanide solution, at 24' cents per ounce $1. 20 

43 ounces bicarbonate of soda, at 4 cent per ounce 21 

40 fluid ounces sulphuric acid, at 1 cents per ounce 49 

Total 1.90 


These prices are those current in Los Angeles when the various ingredients are 
purchased in small quantities at retail ; when purchased in large quantities they 
could be obtained at a much lower rate. Mr. A. Scott Chapman, of San Gabriel, a 
member of the California State Board of Horticulture, informs me that he pur- 
chases the best grade of potassium cyanide in large quantities at the rate of 50 
cents per pound, and I have been shown a letter, addressed to Mr. J. W\ Wolfskill, 
of this city, wherein a firm in Saint Louis, Mo., oflered to furnish commercial sul- 
phuric acid of the best grade at the rate of 2 cents per pound, net ; thci freightage 
on this acid from Saint Louis to Los Angeles would amount to about 5 cents per 
pound, making a total cost of 7 cents per pound for the acid delivered at Los An- 
geles. At these prices the cost of treating an orange tree 20 feet tall and 14 feet in 
diameter, by the dry gas process, would amount to about $1, not reckoning in the 
labor and interest on money expended for the apparatus. 

After the tree has been confined in the gas the proper length of time the tent 
should be entirely removed from it. On two different occasions I simply opened 
the tent to allow the gas to escape, after which the tent was again placed on the 
tree and the doorway of the tent left parti dly open ; it remained on one of the trees 
for seven consecutive days, while on the other tree it was allowed to remain only 
for a day and night, but in both instances the trees were nearly killed. 

The generator used in the production of the hydrocyanic gas is as shown in the 
foreground in Plate Y ; it was originally devised by Mr. Alexander Craw and my- 
self, and has given perfect satisfaction. 

This generator consists of two leaden vessels placed one above the other and con- 
nected by a brass stop-cock; to the end of the valve of this stop-cock is firmly soldered 
an L-shaped piece of an iron rod, to be used in opening and closing the stop-cock. 
The lower vessel is entirely closed above; near one side of the top is a screw-cap, 
covering the opening through which the proper chemicals are to be introduced into 
the vessel, while on the opposite side is an opening ovCr which is firmly soldered 
the end of a leaden pipe, through which the gas passes on its way from the generator 
to the tent. When it is intended to pass the gas through sulphuric acid this leaden 
pipe is made to enter one side of an upright leaden vessel, and as near the bottom 
of the vessel as possible ; to the top of the leaden vessel is attached a tin or leaden pipe 
which conducts the dried gas into the tent. Of course, if it is not desired to pass 
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the gas through sulphuric acid the leaden acid-vessel can be dispensed with, the 
leaden pipe from the generator passing directly into the tent.* 

In charging the generator for the dry gas process, the proper quantity of the 

E otassium-cyanide solution is poured into the lower vessel through the opening closed 
y the screw-cap, this cap having first been removed, to be again replaced after the 
solution has been poured in. The stop-cock connecting the two vessels of the gen- 
erator is next closed by turning the handle attached to the valve, after which the 
proper quantity of sulphuric acid is poured into the upper vessel. The tin pipe at- 
tached to the upper end of the leaden acid- vessel is then removed, and a slightly 
larger quantity of sulphuric acid is poured into this vessel than was poured into the 
upper vessel of the generator; there should be a sufficient quantity of the acid in 
this leaden vessel to slightly more than cover the end of the leaden pipe leading from 
the generator. The tin pipe is next attached to the upper end of the acid- vessel, 
as shown in Plate V, while the other end of this pipe passes into the tent pre- 
viously placed over a tree and made ready for the reception of the gas. 

When everything is ready the handle of the stop-cock of the generator is turned 
until the acid in the upper vessel commences to flow into the lower one, where it 
comes in contact with the cyanide solution, and the production of the gas begins. 
The acid should be allowed to flow very slowly upon the cyanide solution; if the gas 
is produced too rapidly the acid will be thrown out of the acid- vessel; the latter 
should be taller than indicated in Plate V, and it would doubtless be an advantage 
to have it wider at the top than at the bottom. 

After all of the gas has passed into the tent, the acid in the acid- vessel should be 
emptied into a glass or leaden vessel to be used the next time for generating the gas; 
for this purpose it would be well to insert a brass stop-cock in the lower part of the 
acid-vessel. There should also be quite a large stop-cock in the lower part of the 
lower vessel of the generator, for drawing off the residue before again charging the 
generator with fresh materials. When not in use the two vessels of the generator, 
and also the acid- vessel, should contain a small quantity of water, which will pre- 
vent the valves of the stop-cocks from becoming so corroded that they can not be 
operated without first being taken apart and cleaned. 

AGITATING THE AIR IN THE TENT. 

After the gas has passed into the tent, and also while it is passing in, the air in the 
tent should be thoroughly agitated. The most effectual method of accomplishing 
this is by the use of some device whereby the air may be drawn out of the top of the 
tent and forced in at the bottom. When the McMullen or the Culver tent is used, 
the pipe taking the air out of the upper part of it can enter the top of the tent, but 
in the Wolf skill and the Titus tents both pipes must enter the tent at the bottom, the 
one intended for drawing the air out of the upper part of the tent passing some dis- 
tance up the trunk of the tree, while the other pipe merely passes a short distance 
into the tent. 

For circulating the air in the tent various devices have been used, but the one that 
has given the best satisfaction is known as the Cummin’s blower, which was orig- 
inally intended for forcing air into mines. It consists of an iron fan-wheel, driven 
with great velocity by means of a series of cog-wheels and pinions, the whole en- 
cased in an air-tight iron covering, having an opening on one side of the fan-wheel, 
through which the air is drawn out of the tent by means of a tin pipe, the base of 
which covers this opening. In the lower part of the fan-wheel chamber is a large 
opening, placed opposite to a similar opening in one side of an iron pipe closed at 
one end while to the other end is attached the tin pipe through which the air is to be 
forced into the tent. When the crank operating the fan-wheel is turned the air is 
drawn out of the tent through the tin pipe, and passes into the fan-wheel chamber 
through the hole in the side of the latter, and by the rapidly revolving fan-wheel 
is thrown by centrifugal force into the tent. 

I had a blower constructed upon nearly the same principle as the above, except 
that the fans were made of tin, as was also the covering of the fan- wheel chamber, 
but it did not give very good satisfaction. 

There is a machine manufactured at San Jos^, Cal., and known as the Acme fu- 
migator, which is provided with an iron fan-wheel driven by a belt. The blower 

*Mr. Coquillett writes later as follows: “ In speaking of the gas generator I rec- 
ommend passing the gas through sulphuric acid; a better way is to pass it mto the 
acid, the leaden pipe which conducts the gas from the generator entering the upright 
leaden vessel above its middle, and curving downward in the vessel until the rnouth 
of the pipe nearly reaches the bottom of the vessel and is covered by the acid.’’ — 
C. V. R. - 
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of this fumlgator is much too small to be used for agitating the air In the tent, but 
the manufacturer, Mr. A. R. Tomkin, informs me that they could be made of almost 
any size, and that the price would be less than a third of that of the Cummin’s 
blower. This is a very simple arrangement, and if made large enough would 
doubtless answer the purpose quite as well as the Cummin’s blower, and at a much 
lower price. 

It has also been suggested to use a common blacksmitlis’ bellows for the purpose 
of stirring the air in the tent, but it would appear to be a difficult task to manipu- 
late it in such a way that the air would be drawn out of the tent as v^ell as forced 
into it. 

In the Culver tent a wooden fan is at present used, being placed inside of the 
tent as shown in Plate ; a fan of this kind, however, will always cause more or 
less trouble on account of its striking the branches of the tree inclosed by the tent. 
On this account it is advisable to always have the apparatus for agitating the air in 
the tent placed on the outside of the latter, 

Whatever form of apparatus is used, it should be placed as near as possible to 
the point where the gas is to enter the tent; and if it can be so arranged that the 
gas can pass into the tent by the same pipe through which the air is forced into the 
tent, this will be a great advantage, since the gas will then become more thoroughly 
mixed with the air in the tent before reaching the foliage. 

EXPERIMENTS. 

Of the following experiments, those from 1 to 91, inclusive, were made upon small 
orange trees by covering them with a common five-gallon tin kerosene can, the 
upper end of which had been cut out, the gas being generated under the can after 
the latter had been placed over the trees. Experiments from 93 to 130, inclusive, 
were made by the use of a tent having a diameter of 10 feet ; the height of the trees 
is given in the different experiments > the trees experimented upon were orange, 
except where otherwise stated. Measurements of liquid are given in fluid ounces 
and fractions of solids by avoirdupois weight. 

(1) Diluted one part of commercial nitric acid with two parts of water. Took 
five-eighths of an ounce by weight of brass filings and one-half fluid ounce of the 
diluted acid. Confined it ten minutes. Thirty minutes later some of the Iceryse 
were crawling about ; three days later all of the leaves were dead, while nearly all 
of the Iceryse were alive. 

In this, and also in experiments from 2 to 5, inclusive, no red fumes were given 
off when the acid came m contact with the brass filings ; in each the residue was of 
a bluish color. 

(2) Took five-eighths of an ounce of brass filings and II fluid ounces of the diluted 
nitric acid. Confined it twenty minutes. All of the leaves but only a few of the 
IcerysB were killed. 

(3) Took one-third ounce brass filings and II ounces of the diluted nitric acid. 
Confined it fifteen minutes. Result same as in the preceding experiment, 

(4) Took one-sixth ounce brass filings and II ounces of the diluted nitric acid. 
Confined it fifteen minutes. About eleven-twelfths of the leaves were killed ; 
Icerym scarcely affected. 

(5) Took one-thirteenth ounce brass filings and 1 ounce of the diluted nitric acid. 
Confined it fifteen minutes. About three-fourths of the leaves but only a few of the 
Icerym were killed. 

(6) Took one-fifth ounce brass filings and one-fourth fluid ounce of pure nitric 
acid. Confined it ten minutes. About three-fourths of the leaves were killed; 
leery 80 scarcely affected. 

In this and the three following experiments dense brownish fumes were given off 
the moment the acid came in contact with the brass filings, and the residue was of a 
bluish-green color. 

(7) Took one-fifth ounce brass filings and one-third ounce pure nitric acid. Con- 
fined it fifteen minutes. All of the leaves and about one-half of the Icerym were 
killed. 

(8) Same as 7. Result the same ; the dead Iceryae were mostly situated on the upper 
part of the tree. 

(9) Took one-eighth ounce brass filings and one-tliird ounce pure nitric acid. 

Confined it twenty minutes. All of the leaves and about one-half of the Iceryae 
were killed. , 

(10) Took one-fourth ounce Paris green and one-half ounce pure nitric acid. Con- 
fined it fifteen minutes. Neither the leaves nor the Iceryae were affected' ; the latter 
were as lively as ever a few minutes after removing tiie tin can. 

(11) Took one-sixth , ounce brass turnings and two-thirds ounce pure nitric acid. 
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Confined It fifteen minutes. All of the leaves and about nine-teBth^ of the Iceryae 
were killed. 

(12) Took one-twelfth ounce brass turnings and one-third ounce pure nitric acid. 
Confined twenty-five minutes. All the leaves and four-fifths of the leery a? were 
killed. 

The sJdns of the dead Iceryae in this and the p®eoeclli)?pf exyeiteeuts WX>n became 
very dark colored and soft, readily breaking. 

(fS) Took one-fifth ounce brass filings and one-half ounce pure nitric aci(\ Con- 
fined it twenty-five minutes. All the leaves were killed and all the Iceryie on the 
uj^er part of the tree, but scarcely one-half of those on the lower part were killed. 

Whenever the brass filings were used, the leaves showed the destructive effects 
of the gas much sooner than when the turnings were used. 

(14) Took one-sixth ounce pure zinc and five-sixth ounce pure nitric acid. Con- 
fined it twenty-nine minutes. Residue colorless. All of the leaves were killed and 
about one-half of the Icerym on upper part of tree, but only one-fourth of those on 
the lower part were killed. 

fl5) Dissolved one-half ounce of arsenic in 2 ounces of water in which one-half 
an ounce of caustic soda had been dissolved. Took ounces of water and two- 
fifths of an ounce of the arsenic-soda solution. Confined it twenty minutes. Leaves 
uninjured; about one-third of the Iceryae were killed. 

(16) Took 2^ ounces of water and 1 ounce of the arsenic-soda solution. Confined 
it twenty minutes. Leaves uninjured; very few of the Iceryae were killed. 

(17) Took 1 ounce of mercury and 1 ounce pure nitric acid. Confined it twenty 
minutes. One-tenth of the leaves and nearly all of the Icerya? were killed. Resi- 
due colorless ; but becoming bluish upon adding water to it. 

I can not account for the good results obtained in this experiment. I have fre- 
quently tried to repeat it, but always without success. 

(18) Took one-half an ounce of mercury and 14 ounces pure nitric acid. Con- 
fined it twenty minutes. Leaves scarcely affected; about one^fourth of the Iceryae 
were killed. 

(19) Took one-eighth ounce pure tin in small pieces and 1 ounce pure nitric acid. 
Confined it twenty minutes. Residue nearly milk-white. Leaves uninjured; about 
one-fifth of the Iceryae were killed. 

(20) Took one-eighth ounce tin and 2 ounces nitric acid. Leaves uninjured; no 
Iceryae killed. 

(21) Took one-half ounce of mercury and 1:^ ounces nitric acid. Confined it 
twenty minutes. No leavtss nor Iceryae were killed. 

(22) Took three-fourths ounce mercury and two-thirds ounce nitric acid. Con- 
fined it twenty minutes. Nearly all the leaves but none of the Iceryae were killed. 

(23) Took one-twelfth ounce pure copper in small pieces and 1^ ounces nitric 
acid. Confined it twenty minutes. Residue deep blue. All of the leaves and about 
one-sixth of the Iceryae were killed. 

(24) Took 3^ ounces of water and ounces of the arsenic-soda solution of experi- 
ment 15. Confined it twenty minutes. Leaves scarcely injured; only a few of the 
Iceryae were kiUed. 

(25) Put 1 ounce of sal ammoniac in 3 ounces of water; all of the sal ammoniac 
had not dissolved after the lapse of several hours. Took 2 ounces of this solution 
and added it to three-fourths of an ounce of quicklime. Confined it twenty min- 
utes. All of the leaves but none of the Iceryae were killed. 

(26) Took an ounce of the sal ammoniac solution and added it to one-half an ounce 
of quickhme. Confined it twenty minutes. All of the leaves but none of the Iceryae 
were killed. 

(27) Took one-sixth of an ounce of naphthaline and ounces nitric acid. Con- 
fined it twenty minutes. One-third or the leaves but none of the Iceryae were 
killed. 

(28) To residue of above was added half an ounce of quicklime. Confined it 
twenty minutes. One-tenth of the leaves and one-half of the Iceryae were killed. 

(29) Took half an ounce of mercuric chloride and ounces nitric acid. Confined 
it twenty minutes. Leaves uninjured; about one-fourth of the Iceryae were killed. 

(30) To residue of above was added one-half an ounce of quicklime. Confined it 
twenty minutes. One-third of the leaves and one-fourth of the Iceryae were killed. 

(31) Took one-sixth ounce mercuric chloride and 1 ounce of nitric acid; added 
one-half an ounce of quicklime. Confined it twenty minutes. One-fourth of the 
leaves were killed; Iceryae uninjured. 

(32) Took one-fourth ounce of mercurious ointment, composed of lard and mer- 
cury, and three-fourths ounce of nitric acid. Confined it twenty minutes. Leaves 
uninjured; only a few Iceryae were killed. 

(33) To above residue was added three-fourths of an ounce of quicklime. Con- 
fined it twenty minutes. No leaves and but few Iceryae were kill^. 
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(34) Took one-third ounce of arsenic and H ounces of nitric acid. Confined it 
twenty minutes. Residue greenish. A few leaves at the top of the tree and a 
few of the Iceryae were killed. 

(35) To residue of above was added three-fourths of an ounce of quicklime. Con- 
fined it twenty minutes. All of the leaves and about one-sixth of the Icery^e were 
killed. 

(36) Put half an ounce of arsenic in 2 ounces of water, and allowed it to stand for 
several hours. Added three-fourths of an ounce of quicklime to 14 ounces of this 
arsenic solution. Confined it twenty minutes. No leaves nor leery se were killed. 

(37) Took one-fiftieth of an ounce of strychnine and f lounces of nitric acid. Con- 
fined it twenty minutes. Eesidue consisted of a brownish cloud in bottom of gen- 
erator beneath the limpid liquid. No leaves and only a few Iceryas were killed. 

(38) To residue of above was added three-fourths of an ounce of quicklime. Con- 
fined it twenty minutes. Liquid portion of residue brownish; the solid jjortion 
bright yellow. No leaves and only a few Iceryae were killed. 

(39) Put about one one-hundred-and-sixtieth of an ounce of strychnine into half 
an ounce of water and added this to three-fourths of an ounce of quicklirne. Con- 
fined it twenty minutes. No leaves nor Iceryae were killed. 

(40) Took 1 ounce of mercury, stirred into it a little earth, and added 1 fluid ounce 
of nitric acid. Confined it twenty minutes. No leaves nor Iceryae were killed. 

(41) To residue of above was added three-fourths of an ounce of quicklime. 
Confined it twenty minutes. One-half of the leaves, three-fourths of the Iceryae 
on upper part, and one-fourth of those on the lower part of the tree were killed. 

(42) Dissolved one-sixth of an ounce of arsenic in 2 ounces of muriatic acid. Took 
ounces of this solution and one-sixth of an ounce of pure zinc in small pieces. 

Confined it twenty minutes. No leaves and only a few Iceryae were killed. 

(43) Added half an ounce of nitric acid to the remnant of the arsenic solution of 
the preceding experiment, and added this to half an ounce of pure zinc. Confined 
it twenty minutes. Nine-tenths of the leaves and forty-nine fiftieths of the Icerayae 
were killed. 

(44) Took 1 ounce, by weight, of mercury and 1 fluid ounce of nitric acid. Con- 
fined it twenty minutes. One-fourth of the leaves but only a few of the Iceryae 
were killed. 

(45) Dissolved one-sixth of an ounce of arsenic in 2 ounces of muriatic acid, 
and added half an ounce of nitric acid. Took 1 ounce of this solution and one- 
sixtli of an ounce of zinc. Confined it twenty minutes. No leaves and only a 
few Iceryae were killed. 

(46) To residue of above was added three-fourths of an ounce quicklime. Con- 
fined it twenty minutes. A few leaves at the top of the tree were kiUed; about 
twenty-nine-thirtieths of the Iceryae on upper three-fourths of the tree and two- 
thirds of those on the lower fourth were killed. 

(47) Took half an ounce of the arsenic solution of experiment 45 and one-twelfth 
of an ounce of pure zinc. Confined it twenty minutes. Leaves uninjured ; one-third 
of the Iceryas were killed. 

(48) Added one-fourth of an ounce of nitric acid to three-fourths of an ounce of 
the arsenic solution of experiment 45, and added this to one-sixth of an ounce of 
pure copper in small pieces. Confined it twenty minutes. Leaves uninjured; one- 
third of the Iceryae were killed. 

(49) Took 2 ounces of mercury and 1 ounce of nitric acid. Confined it twenty 
minutes. All of the leaves and about one-third of the Iceryae were killed. 

(50) To residue of above was added three-fourths of an ounce of quicklime. Con- 
fined it twenty minutes. A few leaves at top of tree and about two-thirds of the 
Iceryae were killed. 

(51) Took 1 ounce of mercury and three-fourths of an ounce of nitric acid. Con- 
fined it twenty minutes. One-half of the leaves and one-third of the Iceryae w'ere 
killed. 

(52) Diluted one-fourth of an ounce, by weight, of bromine with fluid ounces of 
water, and added this to 2 pieces of phosphorus, each as large as a copper cent. Con- 
fined it twenty minutes. All of the leaves and one-third of the Iceryae were killed. 

(53) To residue of above was added three-fourths of an ounce of quicklime. Con- 
fined it twenty minutes. Leaves uninjured; one-fifth of the Iceryae were killed. 

(54) Diluted one-eighth of an ounce of bromine with 14 ounces of water, and added 
this to a piece of phosphorus the size of a copper cent. Confined it twenty minutes. 
All of the lea ves and one-fifth of the Iceryae were killed. 

(55) Dissolved one-third of an ounce of arsenic in 4 ounces of muriatic acid. 
Added 2 ounces of this solution to half an ounce of quicklime and one-sixth of an 
ounce of pure zinc in small pieces. Confined it twenty minutes. Liquid part of 
residue limpid, and upon this floated a dark-brown, ointment-like substance. One- 
third of the leaves were killed; found only one living Iceryae* 
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(56) To 1 ounce of the arsenic solution of the preceding experiment was added 
half an ounce of nitric acid and 1 ounce of water; this was then added to one-fourh 
of an ounce of quicklime and one-sixth of an ounce of pure zinc. Confined it 
twenty minutes. Five-sixths of the leaves and two-thirds of the leery se were killed. 

(57) Added 1 ounce of nitric acid to ounces of the arsenic solution of exper- 
iment 55; this was then added to one-fourth of an ounce of quicklime and half an 
ounce of mercury. Confined it twenty minutes. Residue light brown. Only a 
few leaves and two-thirds of the leery ae were killed. 

(58) Diluted 1 ounce of nitric acid with 1 ounce of water, and added this to one- 
fourth of an ounce of quicklime and one-fourth of an ounce of mercury. Confined 
it twenty minutes. No leaves nor Iceryse were killed. 

(59) Put one-seventh of an ounce of naphthaline in 1 ounce of alcohol and let it 
stand for two days. Diluted half an ounce of this solution with 1 ounce of water, 
and added it to half an ounce of quicklime; upon adding the water to the colorless 
alcoholic solution the latter turned milky white. Confined it twenty minutes. 
No leaves nor Iceryse were killed, 

(60) Dissolved half an ounce of arsenic in 6 ounces of muriatic acid. Added 2 
ounces of this solution to half an ounce of quicklime. Confined it twenty minutes. 
One-sixth of the leaves and nineteen-twentieths of the Iceryae were killed. 

(61) Added 2 ounces of the arsenic solution of the preceding experiment to half 
an ounce of quicklime and half an ounce of mercury. Confined it twenty minutes. 
One-third of the leaves were killed; found only two living Iceryee. 

(62) Added 1 ounce of nitric acid to half an ounce of the naphthaline solution of 
experiment 59. Confined it twenty minutes. The residue was of a yellowish-green 
color, and had an oily appearance. All of the leaves were killed; found only one 
living Icerya3. 

(68) To the residue of the above was added three-fourths of an ounce of quick- 
lime. Confined it twenty minutes. One-sixth of the leaves were killed and a few 
of the IceryaB. 

(64) Same as in experiment 58. Leaves uninjured; only a few of the Iceryse were 
killed. 

(65) Added half an ounce of nitric acid to 1 } ounces of the arsenic solution of ex- 
periment 60, then added this to one-fourth of an ounce of quickhme and the same 
quantity of mercury. Confined it twenty minutes. Residue brown. One-fourth 
of the leaves and four-fifths of the Iceryae were killed. 

(66) Added five-sixths of an ounce of the arsenic solution of experiment 60 to half 

an ounce of quicklime. Confined it twenty minutes. No leaves were killed; found 
only two living Iceryse. ^ 

(67) Added 14 ^ ounces of bleaching powder to 1 ounce of methyl alchohol. Con- 
fined it twenty minutes. One-eighth of the leaves were killed; nearly all of the 
Iceryae on lower part of the tree but only a very few of those on the upper part were 
killed. 

(68) To residue of above was added half an ounce of water and three- fourths of an 
ounce of quicklime. Confined it twenty minutes. No leaves nor Iceryae were killed. 

(69) Added three-fourths of an ounce of nitric acid to 1 ounce of methyl alcohol. 
Confined it twenty minutes. Residue dark brown. No leaves nor Iceryae were 
killed. 

(70) To residue of above was added three-fourths of an ounce of quicklime. Con- 
fined it twenty minutes. No leaves nor Iceryae were killed. 

(7p Added three-fourths of an ounce of quicklime to 1 ounce of muriatic acid con- 
taining about one-fortieth of an ounce of the oil of tobacco. Confined it twenty 
minutes. No leaves nor Iceryae were killed. 

(72) Added three-fourths of an ounce of quicklime to 1 ounce of water containing 
about one-fortieth of an ounce of the oil of tobacco. Confined it twenty minutes. 
No leaves nor Iceryae were killed. 

(73) Added three-fourths of an ounce of nitric acid to half an ounce of water con- 
taining about one-fortieth of an ounce of the oil of tobacco. Confined it twenty 
minutes. No leaves nor Iceryae were killed. 

(74) To residue of above was added three-fourths of an ounce of quicklime. Con- 
fined it twenty minutes. No leaves nor Iceryae were killed. 

(75) Mixed half an ounce of water with 1 ounce of carbon bisulphide, and 
added it to three-fourths of an ounce of quicklime. Confined it twenty minutes. 
Leaves uninjured; only a few Iceryae were killed. 

(76) Added three-fourths of an ounce of nitric acid to 1 ounce of carbon bisul- 
phide. Confined it twenty minutes. Leaves uninjured; only a few of the Iceryae 
were killed. 

(77) To residue of above was added three-fourths of an ounce of quicklime. Con- 
fined it twenty minutes. One-eighth of the leaves were killed; found only one 
living Icerya. 
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(78) Added 1 ounce of muriatic acid^to 1 ounce of carbon blsulj^hide. Confined 
it twenty minutes. Leaves uninjured; one-half of the Iceryse were killed. 

(79) To residue of above was added three-fourths of an ounce of quicklime. Con- 
fined it twenty minutes. One-half of the leaves on the lower half of the tree were 
killed; found no living Iceryse on lower half of the tree, but found several on the 
upper half, nearly all of those at the very top of the tree being alive. 

(80) Same as in experiment 78. LeaVes uninjured; one-third of the Icerym were 
killed. 


(81) Added residue of above to 1 ounce of quicklime. Confined it twenty min- 
utes. One-half of the leaves on the lower half of the tree were killed; four-fifths 
of the Iceryae on the lower half of the tree were killed, but only about one-half 
of those on the upper half. 

(82) Added ounces of muriatic acid to half an ounce of potassium cyanide. Con- 
fined it twenty minutes. Residue of the color of claret wine. Leaves uninjured; 
found only 3 living Iceryss. 

(83) Added residue of above to 1 ounce of quicklime. Confined it twenty min- 
utes. Liquid part of residue deep green, upon which floated a deep-blue substance. 
All the leaves on upper third of the tree were killed; found no living Iceryae. 

(84) Added ounces of w^ater to half an ounce of potassium cyanide. Confined 
it twenty minutes. No leaves nor Iceryaa were killed. 

(85) Added residue of above to 1 ounce of quicklime. Confined it twenty min- 
utes. No leaves and only a few Iceryae were killed. 

(86) Added three-fourths of an ounce of muriatic acid to one-half an ounce of 
chloroform. Confined it twenty minutes. No leaves nor Iceryae were killed. 

(87) Added residue of above to 1 ounce of quicklime. Confined it twenty min- 
utes. Leaves uninjured; nearly all of the Iceryae on the lower third of the tree 
were killed, but nearly all of those on the upper third were alive. 

(88) Diluted half an ounce of chloroform with the same quantity of water, and 
added it to 1 ounce of quicklime. Confined it twenty minutes. No leaves and 
only a few of the Iceryae were killed. 

(89) Added 1 ounce of muriatic acid to 1 ounce of benzine. Confined it twenty 
minutes. No leaves and only a few Iceryae were killed. 

(90) Added residue of above to 1 ounce of quicklime. Confined it twenty min- 
utes, No leaves and only a few of the Iceryae were killed. 

(91) Diluted 1 ounce of benzine with half an ounce of water, and added it to 1 


ounce of quicklime, 
killed. 


Confined it twenty minutes. No leaves nor Iceryae were 


(92) Added 13 ounces of sulphuric acid (density 65°, as ascertained by the hydro- 
meter) to 10 ounces of the bS?t grade of fused potassium cyanide under the tent. 
Stirred air in tent five minutes with tin blower, then waited ten minutes, and again 
stirred it for five minutes. Left tent on tree from 3.30 to 4 o’clock p. m. ; sun shin- 
ing brightly. Tree 12 feet high by 10 feet in diameter ; bottom of tent resting on 
ground. One-twelfth of the leaves and nineteen-twentieths of the Iceryae were 
killed; fruit uninjured. A slightly larger percentage of the eggs hatched out than 
in the following experiment. 

(93) Added 14 ounces of sulphuric acid to 10 ounces of potassium cyanide and 1 
ounce of bicarbonate of soda. Stirred air in tent as before. Left tent on tree from 


4,30 to 5 o’clock p. m, ; sun shining brightly. A mandarin tree, 12 feet tall. Only 
a fevv^ leaves were killed; fruit uninjured. Forty-nine-fiftieths of the Iceryae and 
nearly all of the eggs were killed. 

(94) Dissolved 2 ounces of potassium cyanide in 3 pints and 1^ ounces of water. 
Added 13 ounces of sulphuric acid to 20 ounces of this solution. Stirred air iri tent 
as before. Left tent on tree from 3 to 3.30 o’clock p. m.; sun shining brightly. 
Tree 12 feet talk Two-fifths of the leaves, two-thirds of the fruit, and all of the 
Iceryae and eggs were killed. 

(95) Added 13 ounces of sulphuric acid to 20 ounces of the cyanide solution of the 
preceding esperiment, in which had been stirred 1 ounce of bicarbonate of soda. 
Stirred air in tent as before. Left tent on tree from 3.50 to 4.20 o’clock p. m. ; sun 
shining. Ti’ee 12 feet tall. After treatment the tent was simply lifted up to allow 
the gas to escape, after which it was again placed over the tree, and the doorway 
left partially open; it remained over the tree for a whole week, when it was removed. 
Fourteen-fifteenths of the leaves, five-sixths of the fruit, and all of the Iceryae and 
eggs were killed. 

(96) Stirred 4 ounces of w^ater into 11 ounces of bicarbonate of soda, and added it 
to 114 ounces of the cyanide solution of experiment 94. To this were added 7i 
ounces of sulphuric acid. Stirred air in tent as before. Left tent on tree from 3.05 
to 3.35 p.m.; sun shining. Tree 10 feet tall. One-fifteenth of the leaves, thirty- 
nine-fortieths of the Iceryae, and nearly ail of the eggs were killed. 
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(97) Poured 3 ounces of arsenic into 16 ounces of muriatic acid, and allowed it to 
stand a I '^tle over a week, then added it to 16 ounces of quicklime under the tent. 
Stirred air in tent as before. Left tent on tree from 4 to 4.30 p.m. ; sun shining. 
Tree 10 feet tall. No lea^ es nor Icerya? \vere killed. 

(98) Stirred 7 ounces of water into 16 ounces of bicarbonate of soda, and added it 
to 154 ounces of the cyanide solution of experiment 94; to this was added 11 ounces 
of sulphuric acid. Sth-red air in tent as before. r_icft tent on tree from 2.50 to 3.20 
o’clock p. m. ; sun shining. Tree 11 feet tall; a peach tree. Very few of the leaves 
and nearly all of the leery te were killed. 

(99) Boiled 20 ounces of arsenic and the same of bicarbomite of soda in 3 pitits 
of water for one hour. Added 18 ounces of sulphuric acid to 24 ounces of the above 
solution. Stirred air in tent as before. Left tent on tree from 3.15 to 4. 15 o’clock p. 
m. ; sun shining. Tree 10 feet tall. No leaves and only a few i ceryaB were killed. 

(100) Stirred 6 ounces of water into 144 ounces of bicarl>^)nate of soda , and added 
it to 154 ounces of the cyanide solution of experiment 94: to this was added 10 


ounces of sulphuric acid. Did not stir the air in tlie tent. Left tent on tree from 3 to 
3.30 o’clock p. m. ; sun shining. Tree 11 feet tall. One-half of the leaves were killed; 
found no living Iceryae. 

(101) Stirred 24 ounces of water into 42 ounces of bicarbonate of soda; to this was 


added 11 ounces of sulphuric acid. Stirred air in tent for five minutes after starting, 
waited ten minutes and then stirred it again for five minutes. Left tent on tree from 
3.55 to 4,25 o'clock p. m. ; sun shining. Tree 11 feet tall. No leaves nor Iceryae were 
killed; the latter were motionless when the tent was first removed from the tree. 


(102) Stirred 12 ounces of water into 31 ounces of bicarbonate of soda, and added 
it to 154 ounces of the cyanide solution of experiment 94; to this was added 12 ounces 
of sulphuric acid. Stirred air in tent as before. Left tent on tree from 2.55 to 3.25 
o’clock p. m. ; sun shining. Tree 11 feet tall. Very few leaves were killed; found 
only three living leeryse. 

(103) Stirred a sufficient quantity of v/ater into 11 ounces of bicax'bonate of soda 
to make it into a tliin paste, and added it to II 4 ounces of tlie cyanide solution of 
experiment 94; to this was added 74 ounces of sulphuric acid. Stirred air in tent 
only five minutes after starting. Left tent on tree from 3.10 to 3.40 o’clock p. m. ; 
sun shining. Tree 10 feet tall. Two-thirds of the leaves, nearly all of the fruit, 
and all of the leery as were killed. 

(104) Stirred a little water into 1 jx)und of marble dust, and added it to 11 4 ounces 
of the cyanide solution of experiment 94; to this was added 8 ounces of sulphuric 
acid. Stirred air in tent as in experiment 101. Left tent on tree from 4.05 to 4.35 
p. m. ; sun shining. Tree 10 feet tall. Only a few of the leaves were killed; found 
no living Iceryae. 

(105) Added 10 ounces of sulphuric acid to 16 ounces of the cyanide solution of ex- 
periment 94, and passed the gas through 24 ounces of sulphuric acid. Stirred air in 
tent as before. Left tent on tree from 2.45 to 3.15 o’clock p. m. ; sun shining. Tree 
11 feet tall. Very few of the leaves, none of the fruit, and about forty-nine-fiftieths 
of the Iceryse were killed. The density of the sulphuric acid before the gas passed 
through it was 644°, indicated by the hydrometer; after the gas had passed through 
it its density was found to be 634°. 

(106) Added 11 ounces of sulphuric acid to 16 ounces of the cyanide solution of 
experiment 94, and passed the gas through 24 ounces of sulphuric acid. Stirred air 
in tent as before. Left tent on tree from 3.50 to 4.20 o’clock p. m.; sun shining. 
Tree 11 feet tall. Very few of the leaves and nearly all of the Icerya9 were killed. 
The acid through which the gas was passed had a density of 634°, as indicated by 
the hydrometer. 

(107) Added 16 ounces of sulphuric acid to 26 ounces of the cyanide solution of 
experiment 94, and passed the gas through sulphuric acid. Stirred air in tent as 
before. Left tent on tree from 3.40 to 4.10 o’clock; sun shining. Tree 11 feet tall. 
Leaves scarcely affected; found no living Iceryae. The residue contained acid in 
great excess. 

(108) Dissolved 5 pounds best grade of potassium cyanide in 6 pints of water. I 
first tried to dissolve it in 4 pints of water, but all of the cyanide was not dissolved 
after being boiled for 1 hour; I then added 2 pints of water, when all of the cyanide 
dissolved after being boiled for only a few minutes. Added 16 ounces of sulphuric 
acid to 30 ounces of the above cyanide solution, and passed the gas through sulphuric 
acid. Stirred air in tent as before. The tent had been charged with a small quantity 
of the gas, after which it was opened and allowed to remain on the tree from 11 
o’clock a. m. to 10. 30 o’clock a. m. of the following day, when it was charged and 
allowed to remain on the tree for half an hour longer. Tree 11 feet tall. Fourteen- 
fifteenths of the leaves were killed; found no living Iceryae. 
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(109) Added 2 pounds of bicarbonate of soda, made into a thin paste with water, 
to 24 ounces of the cyanide solution of experiment 108; to this was added 20 ounces 
of sulphuric acid. Stirred air in tent as before. Left tent on tree from 12.40 to 
1.10 o’clock p. m. ; sun shining. Tree 11 feet tall. One-sixth of the leaves were 
killed; found no living Iceryae. 

(110) Sublimed 1 pound of flowers of sulphur, and passed it into the tent. The 
sulphur was put into an iron vessel having a perforated lid, and this was set on the 
hot charcoal in the upright furnace of an Acme Fumigator; this fumigator is fur- 
nished with a fan-blower, to which I had a tin pipe attached in such a manner that 
the air was drawn out of the top of the tent and forced into the lower part of the 
upright furnace, passing by another pipe out of the upper part of the furnace into 
the lower part of the tent. The sulphur vapor was passed into the tent in fifteen 
minutes, after which the tent was removed from the tree. Tree 10 feet tall. Three- 
fifths of the leaves, all of the fruit, and four-fifths of the Iceryse were killed. 

(111) Sublimed half a pound of sulphur, as in the jireceding experiment, and 
passed it thiough a second horizontal furnace, in the form of a cylinder, about 18 
inches long and 6 inches in diameter, filled with red-hot charcoal. Passed it into the 
tent in ten minutes, and left tent on tree ten minutes longer. Tree 10 feet tall. All 
of the leaves and fruit, many of the twigs, and two-thirds of the Icerysew^ere killed. 

(112) Sublimed half a pound of sulphur and passed it over hot charcoal, as in the 
preceding experiment. Passed it into the tent in eight minutes, and left tent on 
the tree twenty-two minutes longer. Tree 10 feet tall. Five-sixths of the leaves, 
two-thirds of the fruit, a few of the twigs, and one-half of the Iceryas were killed. 

(113) Sublimed 6 ounces of sulphur and passed the vapor over hot charcoal, as in 
experiment 111. Passed it into the tent in one hour, and then removed the tent. 
Tree 10 feet tall. Eleven-twelfths of the leaves, all of the fruit, and many of the 
twigs were killed; found no living Iceryae. 

(114) Sublimed 2 ounces of sulphur and passed the vapor over hot ch^coal and 
into the tent. The sulphur was put into a tight iron vessel, through the lid of which 
passed a small pipe leading to the pipe by which a Cu mm ings’ blower was attached 
to the horizontal furnace containing the charcoal; the sulphur was sublimed by the 
use of a small kerosene stove placed beneath the vessel containing the sulphur, and 
as the vapor from the sulphur rose it was blown over the hot charcoal into the tent. 
Passed the vapor into the tent in forty minutes and left the tent on the tree five min- 
utes longer. Tree 10 feet tall. Seven-eighths of the leaves, all of the fruit, and many 
of the twigs were killed; found no living Iceryae. 

(115) Passed the vapor of 2 ounces of sulphur over hot charcoal and into the tent. 
The furnace was the same as that described in experiment 111, except that it was 
placed vertically and that its length had been increased to 3 feet; the vessel contain- 
ing the sulphur was led into one side of the furnace, and to its lower end was at- 
tached a piece of gas-pipe leading into the furnace at a point about one-fourth of 
the height of the furnace. The sulphur placed in this vessel soon melted and ran 
down the gas-pipe and into the furnace, where it was vaporized and its vapor blown 
over the hot charcoal and into the tent through a pipe passing out of the upper 
end of the furnace and leading into the lower part of the tent. The gas-pipe below 
the vessel containing the sulphur w^as provided with a stop-cock, to regulate the 
flow of the melted sulphur. The sulphur was run into the furnace in twenty min- 
utes, and the tent was left on the tree five minutes longer. Tree 10 feet tall. No 
leaves and only a few leery a3 were killed. 

(116) Run 2 ounces of sulphur into furnace in ten minutes, and allowed the vapor 
to pass over the hot charcoal and into the tent of its own accord. After running 
the sulphur into the fnrnace for five minutes the air in the tent was stirred with a 
Cumming’s blower, which drew the air out at the top of the tent and forced it in at 
the bottom. Left tent on tree half an hour. Tree 10 feet tall. Furnace same as 
used in preceding experiment. No leaves and only a few Iceryae were killed. _ 

(117) Run 2 ounces of sulphur into furnace in ten minutes, then stirred air m 
tent for five minutes, and left tent on tree half an hour longer. The sulphur vapor 
was allowed to pass over the hot charcoal and into the tent of its own accor(L 
Furnace same as used in preceding experiment. Tree 10 feet tall. No leaves and 

only a few Iceryee were killed. . . 

(118) Run 3 ounces of sulphur into furnace in fifteen minutes, then stiiTed air m 
tent for five minutes, and left tent on tree tw^enty minutes longer. Furnace as in 
preceding experiment; sulphur vapor passed into tent of its own accord. Tree 10 
feet tall. Only a few of the leaves and about one-eighth of the Iceryae were killed, 

(119) Run 5 ounces of sulphur into furnace, and allowed the vapor to pass into 
the tent of its own accord. After the melted sulphur had run into the furnace for 
eight minutes its flow was stopped, the pipes leading into the tent were discon- 
nected, and the blower was attached to the furnace, and the latter was fired up for 
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four minutes, after which the pipes were again connected, and the rest of the sul- 
phur run into the furnace in six minutes ; the air in the tent was then stirred for 
five minutes. Tent left on tree fifty minutes. Only a few of the leaves and Iceryae 
were killed. 

(120) Run 23 ounces of sulphur into the furnace in twenty-four minutes, and 
allowed the ^ apor to pass into the tent of its own accord. After the sulphur had 
been running into the furnace for eight minutes its flow was stopped, the pipes dis- 
connected, and the furnace fired up for two minutes; and this was repeated until 
all of the sulphur had been run into the furnace, after which the air in the tent ^as 
stirred for five minutes. Left tent on tree for one hour. Tree 10 feet tall. No 
leaves and only a few Iceryse were killed. 

(121) Run 5 ounces of sulphur into the tent in twenty-five minutes. The furnace 
was fired up after the sulphur had been running into it for five minutes, and this 
was repeated until all of the sulphur had passed into the furnace, after which the 
air in the tent was stirred for five minutes. Left tent on tree one hour. Tree 10 
feet tall. No leaves and only a few Iceryse were killed. 

(122) Run 16 ounces of sulphur into furnace in twenty-five minutes, then stirred 
air in tent for five minutes. The furnace consisted of a piece of terra-cotta pipe, 3 
feet long and 8 inches in diameter ; a hole was made through it near the bottom by 
which to light the charcoal in the furnace, and there were four other holes along 
one side of the furnace for the purpose of firing up the latter, which was accom- 
plished by the use of a Cummings’ blower. The entire furnace.was inclosed in a 
sheet iron to which the blower was attached, and a pipe led from the top of the 
furnace into the bottom of the tent ; the sulphur was in serted in a piece of gas-pipe 
that passed to the inside of the furnace. I^eft tent on tree one hour. Tree 10 feet 
tall. The bisulphide was allowed to pass into the tent of its own accord. No 
leaves and about one-sixth of the Iceryae were killed. 

(123) Inserted If pounds of sulphur into furnace in forty minutes, inserting much 
of it through the hole in the furnace by which the charcoal is lighted ; stirred air 
in tent almost continuously during the time that the sulphur was being inserted 
into the furnace ; the bisulphide was allowed to pass into the tent of its own accord. 
Left tent on tree one hour and a half-; disconnected furnace from tent half an hour 
before removing the latter from the tree. Leaves slightly injured ; only a few 
Iceryae were killed. 

(124) Inserted 1^ pounds carbonate of ammonium in lower part of furnace in thirty 
minutes, allowing the vapor to pass over the hot charcoal and into the tent of its 
own accord. After inserting the ammonium the air in the tent was stirred for ten 
minutes. Left tent on tree for one hour; disconnected furnace from tent fif- 
teen minutes before removing latter from tree. Tree 10 feet tall. No leaves and 
only a few Iceryae were killed. A whitish deposit remained upon the leaves. 

(125) Inserted 2f pounds of sulphur in lov/er part of furnace in thirty-five min- 
utes, during which time the air in the tent was stirred almost continuously. Left 
tent on tree one hour; disconnected furnace from tent five minutes before remov- 
ing latter from the tree. Tree 10 feet tall. No leaves and only a few Iceryae were 
killed. 

(126) Inserted in lower part of furnace 3 pounds of sulphur in packages of 8 ounces 
each at intervals of six minutes apart; during this time the air in the tent was 
stirred occasionally. Left tent on tree one hour; disconnected furnace from tent 
five minutes before removing the latter from the tree. Tree 10 feet tall. Leaves 
slightly injured.; only a few Iceryae w^ere killed. 

(127) Inserted 5 pounds of sulphur into lower part of furnace in 10-ounce pack- 
ages at intervals of six' minutes apart. After the lapse of thirty minutes from start- 
ing the air in the tent was stirred for ten minutes. Left tent on tree for one hour 
and a half; disconnected the furnace from the tent five minutes before removing 
the latter. Tree 10 feet tall. One-third of the leaves and three-fourths of the 
Iceryae were killed. 

(128) Put 3i^ pounds of refuse tobacco stems on top of the red hot charcoal in the 
furnace and allowed the vapor to pass into the tent for fifteen minutes; then blew 
a blast of air through the furnace for five minutes, without disconnecting the fur- 
nace from the tent, after which the vapor was allowed to pass into the tent of its 
own accord, and the air in the tent was stirred for ten minutes. Left tent on tree 
one hour; disconnected the furnace from the tent five minutes before the latter was 
removed from the tree. Tree 10 feet tall. Leaves uninjured; found no living 
Iceryae. 

(129) Inserted 31 pounds of sulphur into lower part of furnace in packages of 10| 
ounces each, a package being inserted at the end of every twelve minutes. After 
all of the sulphur had been inserted the air in the tent was stirred for ten minutes. 
Left t6nt on tree one hour and a half; disconnected furnace from tent five minutes 
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before removing the latter from the tree. Tree 10 feet tall. Leaves uninjured; 
only a few Iceryse w^ere killed. 

(130) Put 1 pound of the best grade of fused potassium cyanide on top of the red- 
hot charcoal in the furnace and allowed the vapors to pass into the tent. After the 
lapse of ten minutes the air in the tent was stirred for ten minutes. Left tent on 
tree half an hour; disconnected furnace from tent live minutes before removing 
the latter from tlie tree. Tree 10 feet tall. Neither leaves nor the Icerym were 
injured. 


INDEX TO EXPERIMENTS. 

Following is an alphabetical list of the substances and combinations used in the 
preceding experiments; the numbers are those of the different experiments. I 
have prefixed an asterisk (*) to those which proved fatal to at least one-sixfh of the 
leery 00 : 


Arsenic, water, and quicklime, 36. 

Arsenic, caustic soda and water, +15, 16, 24. 
Arsenic, bicarbonate ob’soda,and sulphuric acid, 99. 
Arsenic and nitric acid, 34. 

Arsenic, muriatic acid, and quicklime, *60, *66, 97. 
Arsenic, muriatic acid, mercury, and quicklime, 
* 61, * 65. 

Arsenic, muriatic acid, zinc, and quicklime, * 55. 
Arsenic, muriatic acid, zinc, 42, *47. 

Arsenic, muriatic and nitric acid, mercury, and 
quicklime, * .57. 

Arsenic, muriatic and nitric acid, zinc, and quick- 
lime, *56. 

Arsenic, muriatic and nitric acid, and copper, ■'=48. 
Arsenic, muriatic and nitric acid, and zinc, *43,45. 
Benzine, water, and quicklime, 91. 

Benzine and muriatic acid, 89. 

Bicarbonate of soda, water, and sulphuric acld.l'^ ! . 
Bicarbonate of soda, arsenic, and sulphuric acid, 99. 
Bisulphide of carbon, water, and q^uicldime, 75. 
Bisulphide of carbon and nitric acid, 76. 
Bisulphide of carbon and muriatic acid, *78, *80. 
Bleaching powder and methyl alcohol, *67. 

Brass and nitric acid, G, *7, *8, *9, *11, *13, *13. 
Brass, water, and nitric acid, 1, 2, 3, 4, 5. 

Bromine, water, and phosphorus, * 52, *54. 
Carbonate of ammonium and charcoal, 134, 
Chloroform, water, and quicklime, 88. 

Chloroform and muriatic acid, 86. 

Copper and nitric acid, *23. 

Copper, muriatio and nitric acid, and arsenic, *48. 
Cyanide of potassium, vaporized, 130. 

Cyanide of potassium and water, 84. 

Cyanide of potassium and muriatic acid, * 82. 
Qyanide of potassium and sulphuric acid, *92, *94, 

* 105, * 106, * 107, * 108. 

Cyanide of potassium, bicarbonate of soda, water, 
and sulphuric acid, * 93, * 95 * 96, * 98, * 100, *103, 

* 103, *109. 


Cyanide of potassium, marble dust, water, and 
sulphuric acid, * 104. 

Mercury and nitric acid, * 17, * 18, 21, 22, 40, 44. 
*49, *51. 

Mercury, nitric acid, water, and quicklime, 58, 64. 
Mercury, muriatic acid, arsenic, and quicklime. 

* 61, * 65. 

Mercury, mmiatic and nitric acid, arsenic, and 
quicklime, * 57. 

Mercuric chloride and nitric acid, * 29. 

Mercuric chloride, nitric acid, and quicklime, 31. 
Mercurous ointment and nitric acid, 32. 

Methyl alcohol and bleaching powder, 

Methyl alcohol and nitric acid, 69. 

Naphthaline and nitric acid, 27. 

Naphthaline, alcohol, and nitric acid, * 62. 
Naphthaline, alcohol, water, and quicklime, 59. 
Paris green and nitric acid, 10. 

Phosphorus, bromine, and water, * 52, * 54. 
Residues and quicklime, *28, * 30, 33, *35, 38, *41, 

* 4S, * 50, * 53, 63, 68, 70, 74, * 77, * 79, * 81, ♦ 83, 85, 

* 87, 90. 

Sal ammoniac and quicklime, 25, 26. 

Strychnine, water, and quicldime, 39. 

Strychnine and nitric acid, 37. 

Sulphur and charcoal, * 110, * 111, * 112, * 113 , * 114 , 
115, 116, 117, 118, 119, 120, 121, * 122, 123 , 126 , 126 , 
*127, 129. 

Tin and nitric acid, * 19, 20. 

Tobacco stems, valorized, * 128. 

Tobacco (oil of), water, and quicklime, 72 . 

Tobacco (oil of), water, and nitric acid, 7^. 
Tobacco (oil of), muriatic acid, and quicklime, 71. 
Zinc and nitric acid, * 14. . 

Zinc, arsenic, and nitric acid, 42, * 47. 

Zinc, arsenic, muriatic acid, and quicklime *55. 
Zinc, arsenic, muriatic and nitric acid, * 43, 45. 
Zinc, arsenic, muriatic and nitric acid, and quick- 
lime, * 56. 
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EEPORT ON EXPERIMENTS AGAINST SCALE-INSECTS. 


By Albert Koebele, Special Agent. 


LETTER OF SUBMITTAL. 

Alameda, Cal., December 26, 1887. 

Sir : I herewith submit report of continued experiments with kerosene emulsion 
and resin compound upon various scales, plant-lice, etc., made at Alameda during 
1887, according to your instructions. 

Very respectfully, 

Albert Koebele. 

Prof. C. V. Riley, 

U. S. Entomologist. 


THE VALUE OF ARSENIC AS AN ADDITION TO THE KEROSENE EMUL- 
SION. 

In the main I followed your suggestion while here in April last, in preparing the 
kerosene emulsion, viz, to emulsify with resin compound, and use arsenic acid in 
addition. I am glad that your hopes in this wash are verified. In every instance 
where your proposed arsenic acid was added either to emulsified kerosene or resin 
compound there has been a complete extermination of the scales. 

At first too much of the arsenic acid was used, resulting in more or less injury to 
trees treated^ particularly so in weak washes. 

The best results in preparing the emulsion were obtained by taking 1 part of 
the kerosene to 1 part of lukewarm resin compound. Thus I obtained 2 gallons 
of emulsion in less than three minutes that did not show any trace of separation 
before the end of twenty-four hours. The result would have been not quite so 
good if the resin compound had been used hot in emulsifying, and still less so if 
2 parts of kerosene h d been used to 1 of resin compound ; but still this last 
will make a very good emulsion if prepared properly, which is easily done. It has 
the good quality of spreading instantly over the leaves if sprayed with diluent, as 
well as do soap washes. None of the experiments made during dry weather with 
this emulsion alone, i. e., without the additional arsenic acid, were appreciably 
effective. The evaporation was very rapid and in ten minutes after application no 
trace of the wash could be seen. 

In addition I include results of various experiments with resin compound, espec- 
ially upon Aphidae, which it affects admirably; and, at the same time, a wash can 
be prepared which will destroy all Aphids and not injure the larvte of Syrphus flies 
nor prevent the parasites from hatching from the infested Aphids. 

Experiment 158.* — Pure kerosene* 

Pure kerosene on Aspidiotus rapax on Pear. Applied with rag February 22, on 
small and sickly tree, with only one living branch. February 27 a heavy shower 
washed off a number of scales which were loosening. May 5, aU the dormant buds 
starting out, trees growing vigorously ; not a living scale could be found. 

Experiment 165. — Kerosene emulsion. 

Prepared of half lukewarm resin compoundf and half kerosene; worked for two 
minutes with pump. This formed a good emulsion. In twenty-four hours oil began 
to appear on top, and on the fifth day three-eights of an inch of oil had collected 
on top, in bottle with 4 inches of emulsion reserved. 

Emulsion, 1 part; water, 10 parts. Applied July 27, on Aspidiotus rapax on Pear. 
Cloudy day and a little rain the following night. Examined August 1 and 19; no 
appreciable result; only small }jart of young scales were destroyed; new scales form- 
ing numerously. 

* The numbering of these experiments is consecutive with the series published in 
the annual report for 1886, pp. 560 to 572. 

\ Dissolve 3 pounds of sal soda and 4 pounds of resin in 3 pints of water above 
fire; when properly dissolved add water slowly, while boiling, to mako 36 pints 
of compound; 
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Experiment 166. — Kerosene emulsion 165. 

One part emulsion to 20 parts of water. Applied July 27. Destroyed but few of 
the young scales; tree full of newly-formed scales August 19. 

Experiment 167. — Kerosene emulsion. 

Made of kerosene, 2 parts; resin compound, 1 part. Prepared cold by working 
with pump for 2 minutes. This will make a good emulsion, but separates sooner 
than 165. 

One part of the emulsion to 8 parts of water were applied August 4 on lemon 
tree full of Lecanium hesperidum. About three-fourths of the scales were destroyed, 
and they were soon on the increase again. 

Experiment 169. — Kerosene emulsion 167. 

One part of the emulsion to 5 parts of water. Applied August 27, on Asp>idiotus 
sp., on Currant, A. rapax Mytilaspis pomorum on Apple, which was also badly 
infested with Wooly Aphis {Schizonem^a lanigera) and Red Spider. This destroyed 
only about half of the scales on Currant (which are exceedingly hard to kill), and 
where well protected the effects were not visible. Result on A. rapax on Apple 
much better, but not all died. Of M. pomorum only young scales were destroyed. 
Wooly Aphis and Red Spider were killed, but the eggs of the latter were not affected. 
Not the slightest injury to plants visible. 

Experiment 170. — Kerosene emulsion 167. 

One part of the emulsion to 10 parts of water. Applied August 27, on Aspidiotus 
$p. , on Currant, A rapax on Apple and Cherry. 

September 1, about one-third of the scales dead on Currant; found many dead 
young and eggs under mother scales; plant full of newly-hatched young. Of A. 
rapax, on Apple and Cherry, all scales dead except an occasional one under mother 
scale; a few gravid females living. October 7, only a small number of scales living 
on Apple and Cherry, but numerous on Currant. Plant not at all injured. 

Experiment 171.^ — Kerosene emulsion 167. 

Emulsion, 1 part; water, 15 parts. Applied August 27, on Aspidiotus sp., on Cur- 
rant and A. rapax on Cherry. This scarcely affected the scales. 

Experiment 172. — Kerosene emulsion 165. 

Emulsion, 1 part; water, 4 parts. Applied August 27, on Aspidiotus sp., on Cur- 
rant and A. rapax on Plum in bearing. September 1, about four-fifths of the scales 
on Currant dead, and none living could be found on Plum. Plants show no trace 
of wash. October 7, scales on Currant increasing; found one living on upper branch 
of Plum. November 28, scales very numerous on Currant again. 

Experiment 173. — Kerosene emulsion 165. 

Emulsion, 1 part ; water, 8 parts. Applied August 27, on Aspidiotus sp., on Cur- 
rant, and A. rapax on Peach. September 1, scales and eggs, where not well pro- 
tected, al] dead on Currant ; on Peach about four-fifths destroyed. This tree was 
covered with red spiders, nearly all of which were destroyed by this wash. Oc- 
tober 7, scales increasing on both plants. November 28, scales numerous again, but 
more so on Currant. 


Experiment 174. — Kerosene emulsion 165. 

Emulsion, 1 part ; water, 12 parts. Applied August 27, on Aspidiotus sp., on Cur- 
rant. The result was nearly as good as in 173. 

Experiment 188. — Kerosene emulsion 167. 

This emulsion was prepared with hot resin compound and could not be united 
properly ; part of free oil floating on top. One-half emulsion to one-half water. 
Applied September 13, on a strong young apple tree in bearing ; also on Cherry. 
September 21, all the fruit on Apple spotted; leaves on sunny side partly burned; 
eggs of M. pomorum not affected, nor eggs of red spider ; tips of leaves on Cherry 
black on south side ; otherwise no injury to this tree. October 7, apple tree in 
good condition; some of the leaves on south side partly dry; wash on Cherry not 
visible; no injury was done here. November 22, apple tree had made few new 
growths on one branch and had bloomed on this part; eggs of M. pomorum not yet 
hatched; all in good condition. 
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Experiment 177. — Kerosene emulsion 167 with arsenic, of which 1 pound in 55 gal- 
lons wash. 

One-half pound of arsenic and one-half pound sal soda boiled in one-half gallon 
water until dissolved, and this diluted in 20 pints of water. 

Experiment 178.— Kerosene emulsion 167 with arsenic, of which 1 pound in 55 gal- 
lons wash. 

Emulsion, 1 part; water, 15 parts. Applied August rlO, on A, rapax on Pear. 
September 1, leaves spotted, turning brown. September ?, all leaves dead and dry; 
bark not injured except on few smallest twigs; scales all killed. October 7, tree 
bringing forth new shoots all over; some in blossom; all buds not dead growing. 
November 22, new shoots of 8 inches in length had formed; fruit did not set; tree 
in good condition ; still growing. December 17, tree fresh and green; no scales 
whatever. 

I 

Experiment 179. — Kerosene emulsion 167 with arsenic, of which 1 pound to 52^ gal- 
lons wash. 

Emulsion, 1 part; water, 20 parts. Applied August 30, oxiAspidiotus ^p., on Cur- 
rant, and A. ropaa? on Cherry. September 7, leaves nearly dry and falling off; scales 
appear to be dead, but still have their natural color. October 7, all scales and eggs 
dead; young shoots forming on Currant. November 22, currant plant still grow- 
ing; some blossoms and young fruit; no scales. December 17, no scales; a few of 
the berries have become mature, but are small. 

Experiment 180. — Kerosene emulsion with arsenic, of vrhich 1 pound to 55 gallons 

wash. 

Emulsion, 1 part; water, 2 parts. Applied August 30, on Aspidiottis sp., on Cur- 
rant, A. rapax and M. pomorum on Apple. September 7, scales on Currant, where 
in thick layers, not all dead; a few eggs and newly-hatched young found; A. rapax 
on Apple not all dead; gravid females and eggs of M. pomorum not affected; leaves 
of Apple dry and those on Currant nearly sd. October 7, scales on Currant all dry; 
plant growing; A. mpaa:; on Apple all dead; eggs of df. in good condition. 

November 22, no living scales on Currant, this still growing; eggs of M. pomorum 
still intact. 

Experiment 181. — Kerosene emulsion 165 with arsenic, of which 1 pound in 55 gal- 
lons wash. 

Emulsion, 1 part ; water, 15 parts. Applied August 30, on Aspidiotus on Cur- 
rant. September 7, leaves of plant all dry ; a few of the scales still living ; also 
eggs and newly-hatched young found. October 7, all scales dead ; plant in good 
condition. November 22, no living scales can be found. December 17, no living 
scales on plant. 


EXPERIMENTS WITH RESIN COMPOUND AND ARSENIC. 

Experiment 185.— Resin compound and arsenic, of which 1 pound in 85 gallons wash. 

Compound, 1 part ; water, 16 parts. Applied September 2, on Lecanium hes- 
peridum on Orange.* September 7, most of the young and tender shoots de- 
stroyed ; a few leaves falling ; scales appear to be dead. September 13, scales all 
dead; leaves still falling, only few remaining on tree. November 22, no living 
scales ; tre'e growing ; fall of young shoots, but very few of the old leaves remain- 
ing. December 17, found four young scales, which evidently have come from 
neighboring trees ; tree in good condition again ; still growing. 

\ 

Experiment 186. — Resin compound and arsenic, of which 1 pound in 90 gallons wash. 

Compound, 1 part ; water, 8 parts. Applied September 2, on L, hesperidum on 
Orange. September 7, scales dead ; found a few living young under mother 
^ scale ; a few leaves falling. September 13, all scales dead ; about half of the leaves 
have fallen. October 7, no living scales. November 22, about one-third of the 
leaves remaining ; tree otherwise in good condition. December 17, tree in good 
condition ; no living scales. 

* All orange trees experimented on were in poor condition, received no water dur- 
ing summer, and leaves were curled. 

AG 87— 10 
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Experiment 187. — Resin compound and arsenic, of which 1 pound in 100 gallons 

wash. ' 

I 

Compound, 1 part ; water, 4 parts. Applied September 2, on L. hesperidum oh 
Orange. September 7, scales all dead. September 13, no living scales; about 
One-fourth of the leaves have fallen. October 7, tree in good condition ; not injured 
beyond the loss of a few leaves ; all scales, lichens, and fungus destroyed. No- 
vember 22, tree in very good condition ; no living scales. 

Experiment 189. — Resin compound and arsenic, of which 1 pound in 170 gallons 

wash. 

I 

Compound, 1 part ; water, 16 parts. Applied September 13, on L. hesperidum 
on Orange. October 7, many scales still living ; nearly half of the leaves have 
fallen. November 22, all scales dead ; tree in good condition. December 17, no 
living scales on tree. 

Experiment 190. — Resin compound and arsenic, of which 1 pound in 300 gallons 

wash. 

Compound, 1 part ; water, 4 parts. Applied September 13, on L. hesperidum 
on Orange. September 21, scales nearly all dry ; no leaves whatever have fallen. 
October 7, scales all dried up ; no leaves have fallen. November 22, no scales on 
tree, which is in very good condition. 

EXPERIMENTS WITH RESIN COMPOUND. 

The strongest application of this was made on Pear and Plum, infested with A. 
rctpax, August 27 ; three parts of the compound to four of water (Experiment 
176). September 7, all traces of wash had disappeared, not injuring the foliage of 
Plum. The leaves of Pear were very brittle for the first few days, and some tips 
of older leaves turned black, but none came off, and otherwise no injury was done. 
An occasional living scale was found October 7. 

One part of the compound to two of water. Applied February 28, on A. rapax 
on Pear (Experiment 160). Rain fell for two days following, and the result, per- 
haps, was not as good as it would otherwise have been. A careful examination on 
, March 8 showed that a large part of the eggs had been destroyed, also all the young 
and many of the older scales. On this tree they did not increase, and November 21 
hardly any living scales could be found. Other experiments were made of the 
same strength, on Aspidiotus sp., on Currant and A. rapax on Pear, August 27 
(Experiment 175). All but a few gravid females were dest oyed on Pear, and very- 
few remained on such places where they had been in thick layers on Currant. ; 
October 7 a few young scales were found on both plants ; but hardly any were living ' 
November 22. The wash disappeared in ten days, leaving the trees in good condi- 
tion ; no leaves fell. 

Three parts of compound to eight of water was applied on Orange, thickly in- 
fested with Lecanium hesperidum, September 2 (Experiment 184). In five days 
after application no living scales could be found, and none on November 22. The 
tree was not at all affected by the wash. 

One part of compound to four of water applied on Pear, with A. rapax, February 
28 (Experiment 159), destroyed all the smaller and part of the older scales, but none 
after the scales were increasing again. The same strength was also applied on 
Diaspis rosce on Rose, March 8 (Experiment 162). This effectively cleared the plant 
of scales. And again, on L. hesperidum on Orange, September 2 (Experiment 183). , 

All scales were dead September 7, and none living could be found November 22. 

One part of compound to eight of water, on L. hesperidum on Orange, September 
2 (Experiment 182), destroyed nearly all scales, but many living young were found 
under mother scales September 7 ; only very few living scales were found on trees 
September 13 and October 7; but on November 22 the tree was covered with scales 
again. 

Other experiments of this strength were made and may be worthy of mention. 

On L. oleoe on Orange and on several peach trees in full blossom, infested with the 
Lecanium, bred from Oak {Q. agrifolia)', here also many of the scales survived; 
the trees subsequently were loaded with fruit, as well as those not treated. 

EXPERIMENTS ON APHIDID^ WITH RESIN COMPOUND. 

The Wooly Aphis (Schizoneura lanigera), tlie Cabbage Aphis {Aphis hra^sicce), the 
Plum Aphi^ {Aphis pruni), and Aphis on Rose {Siphonophora rosw). Two experi- 
ments were made at Berkeley on the Wooly Aphis, in conjunction with Messrs. Klee 
and McLennan. One and three parts of the compound were used to eight of water. ^ 


I 
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Owing to imperfect spraying only the last did effective work. The leaves of the 
trees were falling at the time of spraying, and the effect of the solution, especially on 
tree where three to eight parts of wash were applied, was very noticeable, as the first 
tree lost about half, while the second lost nearly all its leaves. On my visit to the 
place a month latet, however, there was httle difference in the trees treated and 
others infested with Wooly Aphis, for these also began to lose their leaves about 
two weeks after, as I was informed by Mr. McLennan, the gardener, who is a very 
careful observer. Mr. Klee recommends this wash in the proportion of pints 
compound to one gallon water.* 

I have made numerous other experiments and always had complete success in kill- 
ing this insect with one part compound to eight parts of water. With this proportion 
also those on root which were reached were killed. I would recommend the same, 
i. e. , one part of the compound to six parts of water, on Wooly Aphis. On the other 
hand, the Plum Aphis, Cabbage Aphis, etc., are much easier to kill; only one part 
of compound to eight of water was used in experiment at Berkeley (August 10) on 
Plum Aphis, and none were living on examination August 17. At this strengththe 
Aphis will die instantly and will not even be able to move a leg if once wet. I have 
killed them successfully even with a wash as low as one part of the compound to 
sixteen parts of water; and would recommend one part of the compound to twelve 
parts of water, for Plum A^jhis, Aphis on Rose, etc. At this strength it may bi‘ 
safely used on any garden and even on the most tender hot-house plants, without 
the slightest injury to plants themselves. It should be used somewhat stronger on 
the Cabbage Aphis. One part of the compound to eight parts of water will be found 
effectual. At this strength it was found that the larvae of Syi'phus flies were not in- 
jured by wash, nor were the parasites which infested the Aphis in any way affected, 
providing the skin of the Aphis was dry when sprayed. 

A lot of House Flies {Musca domestica) which had concentrated out of doors were 
sprayed with this solution and died almost instantly. A large Flesh Fly {Sarco- 
phaga) thrown into a weak solution (1 to 16), taken out and set on board, never 
moved its legs again. Fifteen minutes later, slight convulsive movements were 
noticed on under side of body, and soon after all life was extinct. A Codhng Moth 
(Carpocapsa pomonella), sprayed with a solution of 1 to 8, was dead in nine minutes. 
Cut Worms (larvae of Agrotis saueia), dipped in this mixture were not affected. 

It will be of interest to note that while in Los Angeles in April, 1887, the follow- 
ing labels on trees treated for Red Scale {A. aiirantii) were still present ; Experi- 
ments with resin soap 127, 147, and 149.” f All these trees were free from Red 
Scale and L. olece, but full of Icerya. ‘ ‘ Experiments with resin compound 133 and 
156.” No Red Scales could be found on these trees, but L. olece. was numerous on 
tree of experiment 133, Both trees were badly infested with Icerya. 


REPORT ON THE SEASON’S OBSERVATIONS, AND ESPECIALLY UPON 

CORN INSECTS. 


By F, M. "Webster, Special Agent. 


La Fayette, Ind., November 1, 1887. 

Sir : I herewith transmit my amiual report for the year 1887 of work and observa- 
tions made under your direction. 

Stationed in the Southern States during spring and much of the summer, work- 
ing under your direction, and upon an entirely different class of insects from those 
affecting field crops, has prevented me from accomplishing much in the way of in- 
vestigating the habits of such species as affect our cereal grains. For this reason, I 
have brought together the results of a considerable number of observations in vari- 
ous parts of the West and Southwest relating to insects affecting Indian corn. 

Under head of ^Alemoranda^^ I have included a number of facts obtained, which, 
though not properly coming under the head of corn insects, are considered of 
sufficient value to warrant publication. 

Books and collections of insects having been inaccessible to me much of the 
time, I have in such cases relied upon yourself and assistants for determination of 
species, without regard to my own ability to determine them myself. 

Respectfully, 


Dr. C. V. Riley, 

U. S. Entomologist. 


F. M. Webster. 


* Pacific Rural Press, December 17, 1887, p. 488. 
t See Rep. Entom. Dept, Agr., 1886, pp. 571, 572, 
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TKE TWELVE-SPOTTED DIABROTICA, 

{Didbrotica 12-punctata.) 

While in the South during the spring of 1886 we frequently heard of fields of 
young corn being seriously injured, during some seasons, by a small white worm 
which attacked the roots, usually during April. From the description given us of 
the pest and its manner of attacking the plants, we first thought it might be the 
larva of D. longicornis, as the habitat of that species is known to extend south- 
ward to Central America. 

On Ajiril 12 of the present year we were enabled to solve the problem by finding 
considerable numbers of these larvm in a field of corn in Tensas Parish, La., where 
they were working considerable mischief by killing the young jplants. As observed 
by us, their mode of attack differed from that of their northern congener in that 
they did not appear to attack the fibrous roots or bury themselves in longitudinal 
channels excavated in the larger roots. On the contrary, they burrowed directly 
into the plants at or near the upper whorl of roots, which almost invariably resulted 
in the death of the plant. These larvaa were much more active than those of 
longicornis, and on being disturbed would make their way out of their burrows and 
attempt to escape by crawling slowly into crevices in the soil, or if it were finely 
pulverized they would work their way down into it out of sight. Often several 
individuals, varying greatly in size, would be found about a single plant. On the 
20th of same month, in another field, we found the larvm much more numerous 
and the crop injured fully 75 per cent. Plants here, 6 to 8 inches high, were wither- 
ing up and discoloring. Both of these fields had produced cotton the preceding year. 

The adult beetles were frequently seen before we observed the larvae, but they 
were not abundant about the plants in the corn-fields, being usually on the yellow 
blossoms of a species of Aster which springs up in cultivated grounds early in the 
spring in great abundance. No pupge were found, although careful search was 
made for them. We have elsewhere shown tliat the adult insect attacks leaves of 
young 4^rn in Indiana.* 


THE CORN PLANT-LOUSE, 

{RhopalosipTium maidis,) 

So far as we are aware, this species is not recorded as injuring com in any of the 
Gulf States. Considerable damage, however, is done by the root form in both 
Louisiana and Mississippi, and we observed the aerial form also in great abundance 
during June and July of the present year in both of these States. 

In October, 1885, we transferred some volunteer plants of corn from the field of 
fall wheat, where they grew, to some breeding-cages. The plants were thickly 
populated with winged females, and these were carefully secured with the plants, 
both being subjected to the same conditions which would have influenced them 
had they remained in the field, except that the ants in attendance were excluded. 
On May 8, 1886, corn was planted in these cages and grew therein till after the 
loth of June without a single individual of either root or aerial form being on or 
about the plants, and they were then throwm out. 

In the meantime corn had been planted indoors in pots, and on June 24 these w^ere 
placed in a field where serious injury was being done by the root form of the Corn 
Aphis. The pots were buried in the earth bethveen the rows until the soil w ithin 
was on a level with, and not obstructed in the least by, the tops of the pots, from the 
surface of the ground. Several hills seriously infested were pulled up in tlie vicinity 
of these pots, thereby exposing both roots and plant-lice to the sun. 

The next day the ants were burrowing about the plants in the pots, and a few 
days later the roots were well stocked with lice, many of them being full-grown. 
Besides this we had observed ants with lice in their mouths over a yard distant from 
the hills w^hich had been pulled up, thereby indicating that the bereft were supplied 
wdth homes on the neighboring hills as well as on the potted plants. 

Grasses and other plants were examined during the autumn, but no distinguisli- 
able corn-plant lice were obtainable. 

The present season we were absent from home from the middle of March until 
after the 20th of May. On the 27th of this month, however, we found winged, 
vivioarous females on the roots of corn in a field planted on the 18th instant. A 
thorough search revealed the fact that the w^ingless lice were all very small. A 
heavy rain had fallen on the 23d, and it was only where fresli mounds thrown up 

* Indiana Agricultural Report, 1885, p. 198. 
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by ants were observed that the roots were found tenanted, thus indicating, as did 
the size of the young lice, that these winged females had appeared on the roots 
within the preceding four days. The most careful search failed to reveal the origin 
of these winged lice, as no ants were observed transporting them about, although 
the latter were very busily engaged in running up and down over the young corn. 
If, however, a louse were placed on the corn, it was soon found and at once trans- 
ported to a gallery about a hill of corn. The winged females were not alv/ays on 
the roots of the corn, by any means, but often on the stem, and in one instance a 
female was observed on a- root of grass {Setaria glauca) giving birth to her young. 
Even in this case she was in a gallery surrounded by ants, who doubtless removed 
her progeny to other quarters. 

These observations led me to conclude that the Corn Plant-louse dees not live over 
winter in the fields, nor are the eggs deposited about the corn in the fall, but that 
they are deposited about the roots of some other plant, most likely one of tho 
j^'asses. These eggs develop a wingless brood, probably, from which the winged 
females which first appear in the corn-fields originate. These in turn throw on a 
wingless brood, and these again a winged brood, thus alternating from one to the 
other. Also that ants, of which three species attend these plant- lice, viz, Lasius 
ilavus. Formica schaufiissii, and F. fusca, are not in the least responsible for their 
distribution over the fields, although the protection which they afford them greatly 
increases their numbers and the amount of injury done in the corn-fields. 

During June, 1886, a number of experiments were made to test the immediate 
effect of fertilizers, including salt, upon the lice, and also to learn if the ants could 
be induced thereby to abandon or remove their favorites to other plants. 

The substances used were two commercial fertilizers, Bunner bone dust and bone 
guano, barn-yard manure, and common salt. A double experiment was made with 
each. The first two substances were applied (1) by scattering a table-spoonful on the 
surface of the ground about the plant and sprinkling with water sufficient to at once 
wash it into the soil, and (2) by drawing the earth away from the roots, scattering 
the same amount of fertilizer about the roots, then replacing the earth and sprink- 
ling the surface less thoroughly than with the first. The barn-yard manure was 
well-rotted and a quantity sufficient to fill a pint measure was used in the same way. 
The salt was used like the manufactured fertilizers. 

The result, a week after, was that the lice were still about the roots in every case, 
and except where salt was used, they were found in the midst of the substances ap- 
plied. The salt only drove them from one portion of the roots to another. Band 
dampened with kerosene was applied in the same way, the surface application hav- 
ing no effect, while that placed about the roots had the same effect as the salt. 

That proper fertilizers applied to the soil are a general preventive was clearly 
proven by the appearance of the crop on a series of eighteen plots, on the University 
farm. These plots were located side by side and numbered 1 to 18. All had pro- 
duced corn for the six previous crops, those plots of even numbers not having been 
fertilized during that time. Plots 1,7, 13 had, three and again two years previous, 
received applications of gas-lime ; plots 3, 9, 15 had received applications of super- 
phosphates during the same years, while plots 5, 11, 17 had received similar treat- 
ment with barn-yard manure. The result, up to July, 1886, was that the corn on 
all plots except those fertilized by barn-yard manure was small and uneven in 
growth, while on plots 5, 11, 17 the plants were fully a thud larger, more thrifty, 
and far less uneven in height. In fact, these plots could be distinguished from any 
of the others at a distance from the field. It was unfortunate that the experiments 
being carried on forbade any examinations of the roots, in order to estimate the 
relative number of plant-lice inhabiting each series of plots. 

CORN BILL-BUGS. 

{Sphenophorus sculptilis.) 

On June 9 of present year, J. B. Lutz, of Wea, Tippecanoe County, Ind., in- 
formed us that ants were destroying his corn ; that he had planted one of his fields 
three times, and each time the corn had been destroyed after it came up. Feeling 
certain our friend was laboring under a mistake, we visited his field on the 13th 
instant and found the depredator to be an old offender, but with few exceptions it 
had not been observed injuring corn in the Western States. Hence it was to us a 
rather unexpected appearance here m Indiana. 

Vv^e found quite a number of the beetles engaged in puncturing the plants just 
below the surface of the ground. The result of this puncture was not, in all cases, 

- the destroying of the plant, although practically the outcome, so far as the crop was 
concerned, was the same, for instead of a single stalk many laterals or suckers were 

■ > \ 
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put forth from the same roots, and often one sheath covering all at base^ The 
base of this mass of suckers had the appearance of having been vv^ounded and scari- 
fied, while the leaves were riddled with holes arranged transversely, across the 
leaf from the puncture of the msect before the leaf had become unrolled. Besides, 
the leaves were ragged and gnarled, and often aborted. 

We had observed the same feature in a corn-field in Tensas Parish, La., tn April, 
but in that instance had supposed that the abnormal growth was due to the work 
of the larvae of Diahrotica. This, indeed, might have been the case, as both punc- 
ture the stem at nearly the same place. Since observing the same feature in Mr. 
Lutz’s field, we are inclined to suspect that some species of Sphenophorus might 
have been at work in the Louisiana field before we saw it, although we found none 
of the adults there. Still, D. 1'2-punctata is very common in the Northern JStates, 
and it will not be surprising if we hear of its work before long. 

W^e found no larvm or pupae in Mr. Lutz’s field, and as we soon afterwards re- 
turned to the South, had no opportunity of again examining it. Either through 
tile effect of the beetles or dry weather, or both, the crop proved a failure. Oiily 
tlie low portion of the field, which comprised about 20 acres, was affected hj Sj}he7i^ 
cphorus, the higher parts being uninjured. 

HYOCHROUS DENTICOIAJ9. 

The adult beetles were observed in considerable numbers in fields of young corn 
in Louisiana during April of the present year. They ^vere found in the soil about 
the stems of the plants, at or near the surface of the ground, and attack the young 
corn by gnawing the outside of the stems, but not, so far as we observed, cutting 
them off or climbing over the leaves. No serious injury was noticed, but the spe- 
cies is a common one, both North and South, although we had never obsei^ved it in 
corn-fields before. 


FU£A-BEETLES. 

(Chcetocnema confinis and Psylliodes inter stitialis.) 

The first of these species was observed in Tensas Parish, La. , early in April of the 
present year, where the adults were engaged in eating out the parenchyma from 
the young corn leaves, appearing to injure the plants considerably, although not 
permanently. During August these beetles affected young wheat at La Fayette, 
Ind. , in a similar manner. 

On June 21 both of these si3ecies were observed on corn in Pike County, Ind. , in 
great numbers, the Psylliodes predominating. Here the Chcetocnema followed the 
same method of attack on the leaves of the plants, biit did not appear to select 
either the smaller or younger plants nor the more tender foliage, but was, if any- 
thing, more abundant on the lower than the upper leaves. 

The Psylliodes worked in precisely the same manner, and on the lower leaves 
almost exclusively. These did not eat holes in the leaves at all, but seemed to 
gnaw out the parenchyma from beneath, leaving the upper epidermis and the 
longitudinal veins intact. Had the beetles desired more tender food, it could have 
been found in a small plot of much later corn only a few yards distant. This, 
however, was less affected than the larger. Elsewhere in the fields, we found 
them working- on the leaves of Panic grass (Panicum crusgalli) in exactly the same 
manner. 


THE GREASY CUT- WORM. 

{Agrotis ypsilon.) 

This was several ttmes observed attacking corn in Louisiana ; in one instance a 
stalk fully 10 inches higli had been eaten into near the surface of the ground and 
destroyed. 

Planters living in the low districts say that this or a similar species is very much 
more destructive just after an inundation. 

ANTS. 

{Prenolepis nitens.) 

Varioui 5 species of ants may be observed during autumn about the ears of unripe 
corn, especially if the kernels near the tip of the ears have been partly eaten by 
other insects or by birds. At La Fayette, Ind., during September, 1886, we several 
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times observed this species infesting the ears of corn, under circumstances which 
left nb doubt as to their vegetal habits. The silk of the ears of corn where th^y 
were busily engaged was undisturbed, but down among its meshes were numbers 
of freshly-eaten kernels, and nothing but these ants in or about the ear, while the 
ants were very abundant. 

Another species, Formica schaufussii, has been observed by us to eat kernels of 
seed wheat which had not been sufficiently covered after being sown in the field. 

DRASTERIUS DORSALIS (?). , 

La 'vge which are supposed to be those of this species, as it Is the only one of tlie 
genus common in Indiana and Illinois, have twice been surprised by me about 
La Fayette, under circumstances which lead to the suspicion that they attack corn. 
Although, as stated in report of last year, we have observed them in the vicinity of 
La Fayette attacking other larvae, and other members of the genus are known to 
be carnivorous in the larval stage,* yet we have found them w ith their heads in- 
serted in the stfnns of young corn, with no object about which could have induce 1 
them to do so if in search of animal food. These larvae were very abundant in Mr. 
Lutz’s field, previously mentioned as attacked by Sphenophorus. 

CHINCH BUGS. 

( Bl Issus leucopterus.) 

These were observed in considerable numbers during March, 1887, in Tensas Parish, 
La., about young corn, pairing and ovipositing as in more northern localities later 
in spring. We are informed that considerable damage was sometimes done by the 
young bugs to the young plants. This rather contradicts the theory often expressed 
by northern farmers, viz, that certain crops, including Spring Wheat, are the cause 
of their abundance. In the locality where we observed them the only small grain 
sown is an occasional patch of Fall Oat.s, grown for fodder, and an occasional but 
equally small field of ^fillet. 


CORTIOARIA PUMILA. 

Found in abundance on the tips of ears of young corn, feeding upon the kernels 
during August and September, in the vicinity of La Fayette, Ind. 

CALATHUS GREGARIUS (SAY) f \^RSUS THE COLORADO POTATO-BEETLE. 

On June 7 of present year Mr. Charles E. Lutz, of Wea, Tippecanoe County, Ind., 
sent us examples of the adult Calathus, asking w hat they were, and stating that 
they were engaged in the destruction of the eggs of Doryphora 10-lineata. In proof 
of this he had placed quite a number of these eggs in the box with his specimens. 
On opening the box, however, a few hours later we were unable to find a single 
egg, although there was ample proof that there had been many on the leaves in- 
closed. Mr. Lutz further stated that where these Calathufi were abundant there 
were no larvae of the Doryphora. while where there was a lack of the former the 
eggs and larvae of the latter were \ ery abundant. He had placed eggs where the 
Calathus could find them, and observed them devour these and also attack the young 
larvae. 

June 13, 1 visited the location and found exactly the same state of affairs as above 
indicated. In a smaU field, near the barn and out-buildings where the ilomestic 
fowls had had full range, the Doryphora was very abundant in all stages. There 
were here but few Calathus, they doubtless having been destroyed by the fowls. 
But a mile away, in a field of 4 acres, the case was entirely different. Here there were 
no eggs or larvse to be found, although the adult Doryphora was common enough. 
In fact, far more damage had been done by the adult Systena hlanda, Melsh., and 
to a less degree by 8 . frontalis, Fab. Great numbers of the Calathus were hiding 
in the vicinity under clods about the plants, and I was informed that they were 
observed roving about over these plants during the cool of the day. There was 
hardly a trace of the destructive propensities of the arch enemy of the potato 
throughout the whole held, although it had not been treated with any insecticide 
for several weeks. 

*Am. Ent. , vol. 3, 1880, p. 347. 

\ A short notice of this insect and its habits was published in the Indiana Farmer 
of July 30, 1887. — F. M. W. 
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Under date of August 12, Mr. Lutz again wrote me follows : 

“In regard to the Calathus gregarius my observations have shown me tliat he is 
a great" lover of the eggs of the Colorado Beetle. 

“ I noticed that when one was seen wandering around over the potato plants, if a 
bunch of eggs were to be placed in his way he would stop and devour them, and 
was not easily driven away. 

“Again, I selected an equal number of hills, one-half of which had no beetles 
under them, while the other half had. I placed eggs on the hills, and in the morn- 
ing the eggs were all eaten where there were beetles, while the others were undis- 
turbed. The next evening I placed beetles under the other hills, and in the morn- 
ing the eggs were gone. 

“I had no slugs on my potatoes until the last week in June, when the Calathus 
began to disappear. In a few days after they disappeared the slugs came so fast 
that it became necessary to apply Paris green.” 

This species of Calathus we have found very common in Illinois and Indiana, and 
less common in Mississippi, Arkansas, and Louisiana. Dr. Le Conte (Proc. Ac. 
Phila., 1854, p. 83) gives its habitat as “ N. Y. to Fla., Texas.” 

A NEW ENEMY TO THE BEAN AND COW-PEA. 

While in Louisiana, in April of the present year, I observed adult beetles of the 
species Cerotoma caminea, Fab., infesting bean-plants in gardens, where they de- 
stroyed the plants by first eating Iioies in the leaves and later eating out the whole 
leaf between the larger veins. They were also observed to attack the Cow-pea in 
great numbers, in the fields, after the same manner. 

On June 22, while visiting Hon. Samuel Hargrove, at Princeton, Gibson County, 
Ind., we again cauglit the same species in the act of destroying beans in the same 
manner as I had observed them earlier in the season in the South. 

The species is common but not abundant in the West, from Minnesota south- 
ward ; being more abundant in Louisiana than in Indiana or Illinois. Some spec- 
imens from Minnesota and New York are almost wholly of a clay-yellow color. 
To the Cow-pea this may prove a formidable enemy, especially in the South, and the 
beetles may easily be confounded with Diabrotioa 12-punctata by the unobserving. 

THE STRAV/BERRY SAW-FLY. 

{Empliytus maeulatus, Nort.) : 

Dr. Riley has elsewhere stated"^ that this insect was double-brooded, the aduMl 
from the first brood of larvm appearing in la|;e June and early July. These aduBf 
at once ovipositing, give origin to a second brood of larvae, which enter the ground 
in August and remain in their cocoons until the following April, when they pupate, 
and from these the progenitors of the first brood of larvae emerge. 

From the fact that the first brood of larvae mature simultaneously with the 
ripening of the fruit, thereby precluding the possibility of destroying them by 
arsenical solutions, much interest has been centered in this second brood of larvae, 
which, appearing after the fruit was gathered, would give the fruit-grower an 
opportunity of adopting those measures of destroying them which were previously 
inapplicable. 

During the twenty years which have elapsed since the life history of the species 
was first made known no one has noticed a second brood, although some careful 
observers have attempted to do so. 

Prof. William Saunders states that on July 8, 1873, larvae, some of them half -grown 
and others full-grown, were brought to him from a garden near London, Ontario. 
A number of these larvae were placed in flower-pots containing earth and leaves, 
such as were full-grown disappearing in the earth at once. On July 23 an examina- 
tion showed these larvae in their cocoons unchanged, except by being conti’acted in 
length, f 

Later Prof. S. A. Forbes states that larvae fully matured were placed in a breeding 
cage at Normal, 111., on June 21, 1884, and soon entered the earth therein. On July 
19 these larvae were contracted in length, but had not pupated. On September 1, 
and again on November 24, they were examined and found practically unchanged, 
and tire adults finally emerged May 14, 1885.:}; These last studies seemed to settle 
the madter of broods, so far as it was possible to do so with artificial environments. 
On October 5, 1887, in the fields of Mr. J. C. Stevens, near Richmond, Wayne 
County, Ind. , we were not a little surprised to find larvae of this species, varying 

■^'^Prairie Farmer, May 25, 1867 ; Ninth Rei^ort Ins. Mo., p. 27, 1877. 

I Fourth Report Ent. Soc. Ontario, 1873, p. 18. 
i Fourth Rei>ort State Ent. 111., 1884, p. 77. 
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ffom two-thirds grown to nearly full-grown, feeding upon strawberry plants, not; 
single, but by hundreds. So abundant were they, in fact, that by remaining sta- 
tionary we couLl count them by dozens on the leaves about us, and we advised Mr. 
Stevens to sprinkle the infested fields with Paris green and water as a protection 
against them next year. 

The question as to what brood these larvae belonged is a perplexing one. Assuredly 
they were not of the first, and the main point to decide is, were they the delayed 
second brood or were they a third brood. We confess being unable to decide the 
matter. 

Below is given a tabular statement of the conditions most likely to influence the 
species during the time intervening between February 28 and September 30, although 
it seems hardly probable that meteorological influences could have caused any ma- 
terial change in the time of appearance of the first brood of larvas : 

Mean monthly temperature, variation of the same, and monthly rain-fall at Rich- 
mond, Ind. Lat, 39.51 N, ; elevation, feet above the sea. 

1887. 



Mar. 

Apr. 

« 

May. 

June. 

1 

July. 

Aug. 

Sept. 

Mean temperature degrees . . 

Variation do. . | 

Rainfall inches. . 

17 . 3 
67 

1.5. 52 
2.48 

50.2 

84 

25. 59 
4. 16 

68.5 

84 

52.32 

3.76 

72.7 

94 

58. 36 
2,32 

83.3 
101 
66. 35 
2. 18 

71.1 

96 

50. 46 
3.45 

64.7 

92 

30.62 

0.84 


THE WHEAT WIRE- WORM. 

{Agriotes mancus, Say.) 

It quite frequently occurs that fields of Fall Wheat suffer severely in Indiana by 
reason of the attack of Wire- worms, and, so far as specimens have been referred to 
us, the species has been determined as the one under consideration. The general i 
verdict of farmers is, that these ravages are in fields which have the preceding year 
been broken up from the sward, and therefore it is the second crop which is injured. 

The present season appears to have favored the development of these worms, and 
serious injury to young wheat by larvae unquestionably belonging to this species 
has been reported from several parts of this State. A study of the fields infested 
reveals some interesting features, especially when considered in connection with 
remedial or preventive measures. 

On the 17th of October of the present year opportunity was offered us to exam- 
ine an infested field in the southwest part of La Grange County. The field con- 
sisted of 20 acres, and had been cleared of timber, excepting the larger stumps, and 
broken up several years previous, so that the present was the fifth or sixth succes- 
sive crop. The present season no crop was raised, and in June the greater portion ^ 
o^:‘ the stumps were blown out with dynamite and the debris piled about the remain- 
der and burned. The now entirely cleared field was plowed in June and harrowed 
twice before harvest (the latter part of June or first of July). After this it was cul- 
tivated once and harrowed once. Then, about the 15th of September, it was har- 
rowed twice and sown to wheat. The preceding crops had consisted of both corn 
and wheat, and the only vegetation growing on the ground this season was a spe- 
cies of Amaranth, the turf about the stumps being nearly all destroyed in June. 
The present crop was, at the date of examination, damaged fully 35 per cent. 

Mr. J, N. Latta, a very careful observer, residing in the vicinity of the field just 
mentioned, writes us, under date of November 17, that there are two other fields in 
the same neighborhood which are still more seriously injuredby Wire- worms. One 
of these fields was broken in the fall of 1886, and a crop of wheat sown thereon, 
the present being the second crop, both of wheat. The other field was one-half in 
clover and the other half in timothy. The first crop was of corn, the second of 
wheat like the present. The destruction in the latter field is greatest on ground 
formerly devoted to clover and least on that portion which was set with timothy. 

Under date of October 23 Mr. F. P. Applegate, of Greensburgh, Decatur County, 
complained of serious damage to one of his fields of wheat by this pest, the injury 
being greatest on clay lands. Writing again under date of November 7, Mr* 
Applegate states that his field, injured by Wire- worms, was broken last March, and 
later planted with corn, having then been devoted to clover but one year. The pres- 
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ent c*vop of wheat was sown between the 15th and 20th of September. By October 
2o i ally one-fourth of the growing plants had been destroyed by. the wire-worms, 
ahd a great deal of damage had been done by the pest elsewhere in his locality. 

Mr. G. A. Applegate, of Mount Carmel, Ind., in a recent communication gives a 
rather ainiormal instance, from which he states that the worst infested field in his 
vicinity was in Hungarian grass this year, the stubble turned over and the wheat 
sowed! This land was in corn two years, rye sowed among the corn the second 
year, and this follo^ved by Hungarian grass, as stated. 

Personally, we have had no favorable opportunity to study the habits of the spe- 
cies in any of its stages further than to remark its abundance in the adult stage 
during May about low grounds on the prairies, particularly those of Illinois. There 
we have swept the beetles in great numbers at night from low, dwarfed examples 
of the two species of willow, Salix discolo7\ Mahl. , and S. petiolaris, Sm., and have 
also found them in great abundance under the debris deposited by suddenly swollen 
streams which ran through low prairie land. 

It will be observed that the three preventive measures, sj)i*ing plowing, summer 
fallow, and fall plowing, all figure in the notes here given, showing that whatever 
virtue these meaSVires may possess lies in their being applied at some particular time 
and in a particularly thorough manner. 

i 

REPORT 0PON THE INSECTS OF THE SEASON IN IOWA. 

By Prof. Herbert Osborn, Special Agent. 

Ames, Iovca, November 30, 1887. 

Sir : I herewith transmit to you my report of observations for the summer of 
1887. I desire to express my thanks to you and your assistants for the determina- 
tion of doubtful specimens, and for the many other favors which you liave been so 
ready to grant. 

Respectfully, 

Herbert Osborn. 

Prof. C. V. Riley, 

U. S. Entomologist. 


THE TURF WEB-WORM OR SOD-WORM. 

{Crambus exsiccatus, Zeller, var.) 

My attention was first called to this insect, which has proven a most serious pest 
the present season, by a note from Mr. Henry Barnes, who owns a farm near Gil- 
bert, Story County. Under date of May 24 he writes: 

Dear Sir : Inclosed I send you bottle, in which are some specimens of a worm 
that is making sad havoc with our sod-corn. They eat the stalk off beneath the 
surface and many of the leaves are punctured full of holes. In some parts of the 
field nearly every hill is infested with the “ varmints.” Can you tell us how long 
they are likely to continue their depredations, so we can tell whether it will pay us to 
replant ? The land from which the specimens were taken was seedetl down some 
eigJit years since, and was mainly blue grass and white clover. Has been used for 
a sheep pasture about six years. Was under drained and broken up last fall and this 
spring, and planted to corn with the above result. Will be greatly obliged for any 
information you can give us on the subject, and should be pleased to hear from you 
as soon as you can make it convenient, so that in case you can suggest anything 
likely to relieve us of the pest or enable us to escape his work w^e may have time to 
avail ourselves of the knowledge. 

Yours, respectfully, 

Henry Barnes. 

In reply I recommended replanting and stated briefly the probable history of the 
insect. Tliis reply was published in the State Register, and shortly after the fol- 
lowing letter was received: 

OssiAN, Iowa, Jmie 9, 1887. 

Sir : I have seen your answer to Mr. Barnes in the State Register of June 3.* J7ow, 
my corn has been destroyed in precisely the same way. It was planted on the 8th 
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of May, and came up immediately and looked very nice, but it was taken in about 
two days, so that the field looked perfectly bare. We replanted on May 21. The 
corn came up very nice again; we have harrowed it and plowed once, but there 
will not be a hill in the field to-morrow night that will not l>e partially or wholly 
destroyed. This certainly can not be the same worm that is troubling Mr. Barnes, 
as they have been in my corn for three weeks, and I can not see any change in 
their appearance. As it is now too late to try corn again would it be safe to sow 
corn for fodder? The hay crop in this (Winneshiek) county is a failure, and this 
piece of ground has got to produce something. It v/as seeded to timothy and clover 
three years ago and has been used for hog pasture since that time. Inclosed find 
bottle containing specimens. Will be short of feed next winter and any advice or 
suggestion will be thankfully received. 

Respectfully, 

A. W. Oxley. 

To this I replied advlsihg to put in corn, and stating my belief that the adults 
were already issuing from the chrysalis state. 

Early in June I had noticed the striped ground-squirrels on the college lawn dig- 
ging into the turf and eating something which they withdrew. Examining the 
places thus dug up I always found the peculiar cocoon of a Crambus, and the place 
would also show the deserted web and burrow of the larva. These squirrels’ bur- 
rows were very numerous in some parts of the lav\^n, and in one place I counted 
twenty-five in the space of a square yard, indicating that the ground-squirrel has dis- 
posed of that many larvee or pupae of Crambus within the given area. At another 
time I counted fifty to a square yard. Evidently when sod-worms are plenty the 
ground-squirrel is not an unmixed evil. 

I did not at first connect these worms with the ones referred to by Mr. Barnes, 
but comparisons of specimens of larvae found in sOd here with the imperfect speci- 
mens sent by Mr. Barnes, and later with those from Mr. Oxley, satisfied me that 
they were very probably identical. Subsequent observations made this almost a 
certainty. I have therefore dealt with them as belonging to the same species. 

Evidently we must consider it under the double role of a grass pest and a corn 
pest, and while it certainly causes in the aggregate vastly more damage to grass 
than to corn its work is more noticeable on the latter crop, since it so completely 
destroys fields planted upon sod infested by the young worms. 

Since this insect has assumed so great an importance to two staple crops, and as 
its life history and habits have been but partially recorded, I have devoted as much 
time as possible to a study of it the present season and wdll give the result of my 
studies in detail. 

Its distribution and injury so far as the corn crop is concerned may be gleaned in 
part from the Iowa crop report, w^hich has kindly been placed at m.y disposal by the 
secretary of the State Agricultural Society, Hon. J. R. Shaffer. Aside from the 
localities given in the following list there was consideral Je damage in this (Storjr) 
county, and, as stated by Mr. Oxley, in Winneshiek County. 

Ip 

Extr act fi from ci^op repovt. 

Bremer County. — C orn on old ground injured by a small green worm. 

Clinton County. — Cut-worms injured corn on timothy sod and old pastures. 

Davis County. — Corn on sod and fallow ground has been destroyed by AVeb- 
worms. 

Fayette County. — Corn looking w^ell, notwithstanding the severe drought ; 
some planted on timothy sod injured by Cut- worms, but general stand good. 

Henry County. — Meadow- worms working at the roots of grass. 

Van Buren County. — A worm resembling the Cut- worm has done serious dam- 
age to corn; it built a web in the hill and would eat whole fields planted on new 
ground. 

Johnson County. — C ut- worms destroyed 25 per cent, of flie corn planted on sod. 

Jones County. — Corn two weeks ahead of last year. Tharfc replanted on account 
of Cut- worms is gaining on the other. 

^ : — ' — — 

* In answer to further inquiries as to results in these fields Mr. Barnes informs 
me that the replanted corn was not materially injured by the worms, and that 
taking drought and Chinch Bugs into account produced a very fair crop. He 
further says that the portion of his field most damaged was the part plowed in 
spring, Mr. Oxley states that the worms took three plantings for him, but that he 
then planted to fodder-corn and raised a most excellent crop; he says worms worked 
in this a little at first, he thinks as late as June 27, but did no serious damage. 
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Poweshiek County. — Cut- worms are doing some damage to corn. 

Warren County. — Corn somewhat injured by grub and Cut- worms, but as a 
whole prospects were never better for a good crop. 

Appanoose County. — Some sod worms; no material damage from them as yet. 

Cedar County. — Corn injured by Cut-worms, on sod ground much had to be re- 
planted. 

Clark County. — C orn damaged by Cut- worms. 

Davis County. — Corn on sod taken by Cut- worms ; many replanting the third 
time. 

Delaware County. — Some timothy fields entirely destroyed by Cut- worms *, 
many being plowed up and planted to corn. 

Jefferson County. — Corn on old ground good, but is being destroyed by Cut- 
worms on timothy sod; much has been replanted. 

Johnson County. — Corn a good stand, except that on timothy sod has been cut 
off by worms. 

Keokuk County. — Corn planted on sod injured by Cut- worms and much had to 
be replanted. 

Lee County. — Corn generally good and forward for the season. New Web 
Wire-worm cut off most of the corn planted on sod plowed this spring. 

Pottawattamie County. — Cut- worms and ground moles doing some damage 
to corn, but generally it is a good stand and color. 

Van Buren County. — Corn planted on timothy sod being replanted the tliird 
time, Cut-worms taking all corn planted on sod ground. 

Wapello County. — C orn on sod ground had to be replanted. 

The extent of its ravages in meadows in other parts of tiie State I am unable to 
give witli any precision. On the college farm, both on the campus and in the pas- 
tures and meadows, it has been very abundant and the grass has suffered seriously. 
In patches the damage was such that it has not recovered; while over large areas 
the grass being cut off above the crown has grown up rapidly since the fall rains. 
During the severe drought, which extended till the 1st of September, the damaged 
portions did not show plainly, as the whole surface was dried up, but after the rains 
such areas were much slower in becoming green. But that the damage was not 
due to dryness was evidenced by the greatest damage occurring in depressions or in 
places where there was the most moisture, instead of on the tops of the knolls or 
in specially dry places. On the line of the Northwestern Road from Ames to Clinton - 
I saw in the latter part of August many meadows and pastures presenting the 
whitened patches indicative of the presence of this pest. Outside the State, in 
Illinois and Wisconsin, I found evidence of it wherever I went. 

The insect is distributed widely over the country, and I doubt not has been de- 
structive in all the Upper Mississippi Valley, though probably a large portion of the 
damage done by it has been ascribed to the drouglit or other causes. 

The injury to corn results only from planting upon sod. As it is very desirable to 
make this transfer ^viien the meadows have been sevei»ely injured it becomes of the 
ij^tmost importance to the corn crop to avoid the dafinage done, which necessitates 
replanting and causes vexatious delay. The measures necessary to avoid this dam- 
age I believe to be simple and practicable, and they will be fully stated under the 
head of remedial measures. * 

Habits and life history, — Owing to the abundance of this species upon the col- 
lege lawn I have had opportunity to observe it during the entire season in all stages, 
and though some points of interest remain to be studied, I am able to state the 
principal facts in regard to its life history. Enough I am confident has been deter- 
mined to form a solid basis for recommendation of remedial measures. 

During the last of May and fore part of June larvae and pupgd were abundant, 
and were observed as late as June 10. On June 7 the moths were plenty, and June 
9 they were flying to lights in the houses by thousands. They came to my study 
in swarms, and I was afterwards told by students that they gathered to the electric 
lights in the college building in such numbers as to seriously interfere with their 
work. On the morning of the lOfch, having closed the windows of my study the 
night before to prevent the moths from escaping, I counted over one hundred 
moths at one window, and the window-sill, the sash, and the floor in front of the 
window were thickly strevved with their eggs. On slightly pressing the abdomen 
of a female with thumb and finger she extruded, one by one, thirty-five eggs, after 
which none were extruded by pressure, but upon dissection of the moth I found 
ninety well-formed ova and a large but uncertain number of formative stage in 
tubes of the ovary. As this was a captured female and she had had time during 

* I have included in the above extracts those given as Cutr worms, etc. , thpugh 
some of these very likely may refer to other species than Q. exsi-ccatus. 
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the night to dispose of eggs which I did not count, I could not determine the full 
number possible from a single individual, but from those counted and those par- 
tially formed in tlie ovary it seems perfectly safe to say that each female can deposit 
at least two hundred eggs. The eggs are yellowish- white, oval in shape, with usu- 
ally fifteen longitudinal ridges. In a few instances I noticed more. When extruded 
they are held momentarily at the tip of the abdomen, giving them time to dry, so 
they do not adhere to any object upon which they drop, but before the extrusion 
of another egg are snapped sharply away by a contraction of the lips of the vulva, 
which appears to be armed with a row of minute bristles. Eggs in this way were 
thrown quite ii distance, and wlien being deposited in grass would be sent well 
down among the dead leaves at the surface of the sod. In a few cases I noticed 
one egg remain till the next was extruded, and the two would adhere slightly, but 
doubtless the natural extrusion is not so rapid as that mduced by pressure. 

On June 11 the moths still shut up in my room had deposited eggs in greater num- 
1 ers than the night before, and some of them confined in a glass jar had also depos- 
ited many. 

The eggs collected on June 10 hatched on June 18, and I infer that fertilization of 
the females had taken place previous to their flying to light. A point which I did 
not carefully determine is the proportion of males to females in those gathering to 
lights, but my imj)res^on is that the females were largely in excess. 

Some of these newly-hatched larvae were placed in a jar with earth and fresh grass, 
others in a jar without earth, while still others were scattered over a small area 
of grass out of doors in a ifiace convenient for observation. These last could not 
afterward be found at all and the grass showed no signs of their presence. Being in 
a very dry location and the grass becoming badly dried up I suspect they did not ob- 
tain sufficient moist food to enable them to sta.rt their growth. The young larvae 
when sui)plied with fresh grass collected at the broken ends and fed with avidity. 
Their bodies, at first pale, became after feeding yellowish-green, the head and upper 
part of the first segment being black. On the 20th I noticed that one of the larvae had 
formed a tube by drawing together the edges of a blade of grass, while still 
others had gone under the earth at bottom of jar. Unfortunately, duties that could 
not be iDOstponed prevented attention to these larvae and a few days later they were 
all dead. One, however, Jiad formed a basket-work attached to blades of grass. 
This had probably been formed as early as June 25. By the middle of July the 
larvae were becoming conspicuous by their ravages in corn, and subsequent obser- 
vations were made either directly in the field or upon larvae collected and confined. 
Notes for July 13 and 16 record larvae numerous in part of one field of sod-corn 
confined to a portion of the field last plowed. As the time of plowing appeared to 
be an important item I obtained, through the kindness of Mr. F. S. Schoenleber, the 
exact dates of plowing of the fields planted to sod-corn. One field plowed 9th to 
11th of May contained no turf web-worms and no signs of their work. Another 
field had been plowed in part May 12, 13, 15, and 18. The remaining central por- 
tion was plowed on the 7th and 8tli of June. The portion first plowed was entii*ely 
free from injury by worms, while the part last plowed was badly infested. The line 
of separation between that first plowed and that last plowed was in some places disl 
tinctly indicated by the missing hills or damaged stalks, indicating the presencoof 
worms. It seems reasonably certain, therefore, that Crambus eggs were deposited 
on the central part in the grass before the sod was turned June 7 and 8, and the 
larvae hatching by the 15th to 18th of the month had no other resource than to attack 
the corn which came on shortly after. As already stated, Crambus adults were 
abundant June 7, and had doubtless been present in fewer numbers for several 
days, so there was opportunity for the eggs to be deposited on the grass land prior 
to the plowing June 7 and 8; while from the absence of worms in the other sod- 
corn it was evident that no eggs, were laid on the ground plowed previous to the 
first of June. None have, with possibly one or two reported exceptions, ever been 
found in corn-fields except when planted on sod. The exceptions, if referring to 
this species, may probably be accounted for in other ways than by assuming eggs 
to be laid on plowed land. 

In corn the young worms construct a web from half an inch to an inch below 
the surface of the ground, usually winding it irregularly among the roots and 
stalks of corn. Frequently a number of these worms occur in a single hill, but as 
a general rule only one or two are found well developed. Hills infested by these 
worms have the stalks when small cut partially or entirely off, sometimes, I judge, 
tiie upper portion being entirely devoured. Larger stalks have cavities gouged out 
of the sides at the surface of the ground and a little above. The leaves also are 
eaten at base and numerous holes scattered over the blade. Sometimes these holes 
are arranged with a peculiar regularity, occurring in transverse rows three to five 
holes in each row, and the rows about the length of the worm apart. The stalks at 
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the surface of the ground are sometirne^ blackened and decayed, and in some in- 
stances I thought I detected their work on the roots. Naturally they do not find 
food in such abundance as in grass and may be expected to take whatever they can 
mo^t readily attack. 

On July 20 larvae were found in corn apparently full grown and ready to pupate. 
Specimens confined in a glass jar with a little earth matured, two adults issuing and 
first noticed August 3, both fresh and apjiarently but recently expanded. Larvae 
were found in comas late as August 9, and from these I had one adult issuing during 
my absence and first seen by Professor Hitchcock August 25. ' 

In prass land the larvae form a web-lined burrow about half an inch beneath the 
surface of the sod, extending as the larva grows to a distance of 4 or 5 inches, . 
nearly straight, and opening at the surface of the sod. The grass above and sur- 
rounding these burrows is cut off just at the surface of the ground ; and where the 
worms are plenty the grass cut off forms a complete mat, which can be drawn 
aside, exposing the burrows of the larvae. By pushing up the sod along the burrow 
the web and worm are brought to view. The roots and usually the crown of the 
plants, except directly above the burrow, are unaffected, though from the failure of 
some patches to revive even six weeks after rains have entirely restored other parts 
of the lawn it would seem that in some spots the worms were so hard pressed for 
food as to eat down into the crown. August 4, and for a ftumber of days there- 
after , full-grown worms f orming cocoons could be found in abundance, and gradually 
adults became more numerous, till in the middle part of August and until the fore 
part of September they w’^ere again abundant. They were swarming to lights 
August 11. Fi’om this on the adult decreased in number, and the last record I 
have of seeing them is October 3. 

This is as far as I have made positive observations on the species, but it is proba- 
bly safe to infer that the eggs laid in the fall hatch and the young larvae establish 
themselves in burrows where they pass the winter and awake to resume feeding in 
the spring. By the latter part of May the bulk of this brood is full grown, and, as 
we have seen, the moths issue in swarms between the 7th and 20th of June. 

The insect is double-brooded, though scattering moths may be seen as late as last 
of June for the spring brood and as early as first of August and late as fore part of 
October for the fall brood. 

The life history, as I have observed it and supplying by inference the winter con- 
dition of one brood, may be summarized as follows : 

Moths of the spring brood appear in June; early stragglers by the 1st, the bulk of 
the brood from the 7th to the 15tli, and late stragglers till the 1st of July. These 
deposit eggs which hatch in eight days from time of deposition. The larvae require 
' from five to seven weeks to become full-grown, forming in the meantime a web- 
' lined burrow in the sod, within a portion of which or in sod close by they form a 
cocoon and change to the jDupa stage. The pupa stage is passed in from twelve to 
fifteen days, the fall brood of moths appearing in August, early stragglers the 1st 
of the month, the bulk of the brood during the middle of the 'month and till the 1st 
of September, and late stragglers are seen till fore part of October. Moths of this 
brood deposit eggs for the fall and winter brood of larvae, which larvae mature by 
the latter part of May, pupating during last of May and fore part of June. These pro- 
duce the spring brood of moths which appears in early June and the cycle is complete. 

Description of different stages . — Reference has already been made to the appear- 
ance of different stages, and technical descriptions of some of the stages in other 
publications makes it unnecessary to go into detail here. I may state in brief, how- 
ever, the most striking characters, in order that the insect may be recognized by 
those interested. It may be said, however, that it so closely resembles other species 
of the same genus that except to the professional entomologist a separation is next 
to impossible. Differences in habit, however, will assist in distinguishing them. 

The egg is .55'^"' long and .30”™^^ in diameter. It is fluted or ribbed longitudi- 
nally, the ribs numbering usually 15, rarely 16 or more. They are yellowish white, 
becoming darker as they reach the time for hatching. 

The larva when newly hatched is .70*’^^^ to .75™™ in length. The body is pale, 
almost white, while the head and upper part of the first segment is dark brown or 
blackish. The body is provided with scattering fine hairs. When full-grown it is 
nine-tenths of an inch long when extended, of a light brownish color, the head and 
upper part of first segment darker, and the head blotched with blackish. The seg- 
ments following the first have glassy, slightly elevated, darker spots, from which 
arise fine hairs. 

The pupa is bright reddish brown, half an inch in length, the terminal part obtuse 
and blackish. It is inclosed in an elongate oval cocoon made of a thin web and 
covered with green frass, which looks much like bits of grass cut fine, and indeed 
they seem to be but partially digested. A cocoon formed in a glass jar from corn 





BEPORT OF THE ENTOMOLOGIST. ^ 159 

I 

leaves seemed to be Qut and used entirely undigested, and I surmise the material is 
' cut especially for this purpose and passes directly through the body, to be used on 
the cocoon. 

The moth is of a light ashy color, and fresh specimens show two obscure oblique 
dark stripes passing from the hind border toward the apex on the front wings. The 
wings are folded closely around the body when at rest. The length of the bf^dy is 
about one-half inch, and the wings expand an inch and one-eighth to an inch aifd 
one-fourth. 

Remedies , — U ndt^r tiiis head we must treat separately the measures to be adopted 
for corn and meadows or pastures. 

As corn is attacked only when planted on sod, the damage being done by larvae 
hatching from eggs deposited in gra s or by larvae that have parti;, obtained their 
growth in grass, all methods of prevention should recognize the time at which eggs 
are deposited and the larvm mature. 

When the worms are already at work in the corn the cheapest and best method 
- is i)robably to replant, for the larvm must all or nearly all mature by the middle 
of June at latest, and then no further damage need be feared. Reports sliow that 
this practice was successful, though in many cases fields were planted tlie third 
time. It would be well in planting on sod plowed late in the fall before t(.) delay 
planting as long as practicable, thus starving out the majority, at any rate, of the 
worms ^ and then, if necessary, replanting as soon as possible when hills show jnes- 
encoof worms. If possible, however, the plowing should be done early in the fall, 
so as to prevent the eggs being deposited, or if deposited to starve out tlie larvae 
betorc they have prepared for their winter fast. To be most efi'ectual the plowing 
should be done before the 1st of September, and if the iaiid be meadow land not 
used for fall pasture it will be safest to plow as soon as possible after the crop is 
off. When the sod is to be plowed up in spring it should be deferred if wmrms are 
present till thfey begin to change to pupm, or for this latitude till the I'dddle of 
May, and should be done before the moths make their apj)earance, or by the 1st of 
June. Our notes show that here sod plowed in May remained entirely free from 
worms, while that plowed the second week in June, just after appearance of moths, 
was badly infested. If noticed when they first begin their work on corn it is prob- 
able that, the use of bisulphide of carbon would effectually destroy them, but it is 
doubtful whether it would be as satisfactory as replanting. The worms are easily 
detected, since they are to be found in their webs in the day-time, and they can be 
picked out by hand quite rapidly, as I know from experience. Possibly boys could 
be employed to collect them with good profit. These methods should be resorted to 
only in cases where preventive measures have not been employed. But in this case 
prevention is so easy that there seems little need of trouble from the j)est when its * 
habits are understood. 

In meadows badly infested and thereby run out one method to be adopted, where 
circumstances will permit, is to plow up the sod and plant to another crop ; but to 
avoid damage to the new crop, especially corn, the sod should be turned before the 
1st of June, if in the spring, and if in fall before the 1st of September. If, how- 
ever, the plowing is done prior to the egg-laying either of spring or fall the moths 
will fiy to such pastures and meadows as are left and concentrate there, thus causing 
greater damage. On this account some plan should be adopted to prevent, if pos- 
sible, that source of damage. If the land can lie after plowing to starve the worms 
it will be a good plan to defer plowing till eggs are laid and then turn them under 
to starve. In fact, knowing the cycle of life in the insect, and the time at which 
eggs are laid and the worms hatch and mature, each cultivatoi’ can adai^t his 
measures to the special circumstances of his particular field. 

A plan by which to greatly lessen the number of moths and tlie in jury resulting 
from their presence in lueadows and pastures may be based upon their habit of 
congregating in such immense numbers to light. I have shown that the inotbs 
thus attracted are in large part at least the females loaded with eggs, and it is 
probable that they have deposited few eggs if any previous to their nying to the 
light. Hence every female moth captured means the destruction of from one to 
two hundred eggs at the least. As the moths come to light by thousands, I think I 
may say even by millions, within a square mile, it can be seen how im23ortant is 
their destruction. Hundreds of them perish as a result of their own self-destructive 
habit, but by taking advantage of this habit and placing lanterns over tubs or pans 
of water in exposed places where they may be seen considerable distances, hosts < f 
moths may be captured and destroyed. A little kerosene on the water will make 
their destruction certain, as then, even if they succeed in crawling out over th(’>se 
already submerged, or at the sides of the tub, they are quite sure to have receiN ed 
enough oiling to kill them in a short time. A little care in killing those accumu- 
lating in houses will also assist in lessening their number. Where electric lights 
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are in use they may be utilized to especial advantage in the captm'e of thou^nds 
of moths. I see no feasible plan of attacking the larvae after they are established 
in the turf. ^ 

Natural enemies.'- — I have already mentioned the fact that the pupae, possibly the 
full-grown larvae, are extensively preyed upon by the striped squirrel {Spermophi^ 
I'^^d-lineatus). Unfortunately this sprightly little rodent has a taste for other 
which has gained for it a very unsavory reputation as a farm adjunct. Doubt- 
less wheie corn is cultivated the injury to that crop will overbalance the good they ' 
may do in meadows; but I am inclined to think that for land kept constantly in 
grass their value is far greater than usually supposed. I know they feed upon 
the seed of grass and clover and doubtless also to some extent on the leaves and 
stems, but they also feed on noxious weeds and insects. 

During several 3^ears’ close observation of them on a lawn I have failed to find 
any indication of serious damage to the turf, and could they be kept in bounds I 
should feel like I'ecommending that for permanent lawns they be allowed a home 
for the salce of the insects they devour. They seemed to select the cocoons of the 
turf-worms infallibly, pouncing upon a certain spot, digging for an instant, and 
then sitting upright to devour the dainty morsel. 

Other mention of the species and related forms. — In his first annual report as State 
entomologist of New York, pp. 149, 150, Prof. J. A. Lintner gives tlie result of a breed- 
ing of one larva of Cram, bus exsiccatus in connection with a detailed account of 
the Qramhus mdgivagellus, and there expresses the suspicion that the insect is 
double-brooded. 

In the fourteenth annual report of the State entomologist of Illinois, pp. 12-17, 
Prof. S. A. Forbes describes under the name of Crambus zeellus, Fernald, an insect 
which in many respects resembles the species here discussed. In some respects, 
however, there is considerable difference, and I have not attempted to determine 
the relationship between them. This species described by Professor Forbes is men- 
tioned and a letter relating thereto is published in Bulletin No. 12, p. 33, Division of 
Entomology, United States Department of Agriculture. 

I can not overlook the possibility that there may be more than one species in- 
cluded in the records here presented, and indeed for the reports from over the State 
there is every probability that two or more forms are included under the general 
name of sod-v/orms, web- worms, etc. 

The occurrence of Crambus vulgivagellus, for instance, in company with exsic- 
catus would account for several apparent discrepancies in reports concerning the 
time of pupation of the Web- worm. It has been my effort to record the facts as 
observed and reported, and the distinction of the different species, if such be included, 
must be worked out in the future. There can be no question, however, that the . 
great body of the swarm appearing here the present season belongs to one species, 

THE WHEAT-HEAD ARIVIY-WORM. 

(Leucania albilinea, Guen.) 

An insect which can without doubt be referred to this species caused very con- 
siderable damage in some of the southeastern counties of the State. Unfortunately 
I was not aware of the damage till too late to secure specimens for determination. 
Descriptions of the larva and its work, however, are so characteristic that I feel 
confident it was this species. I subjoin extracts from the Iowa crop report for July 
10, 1887, which will show the distribution and damage so far as reported. 

It will be noticed that the area included extends from the Mississippi River to a 
little west of the middle of the State and comnrises only the two southern rows of ' 
counties, with the exception of Adair, which corners to the northwest upon the 
last infested county in the second row. Estimates given for two of the counties 
place the loss at 75,000 bushels (equal to about $150,000) in one (Jefferson) and at 
$30,000 in the other (Wayne). It is possible that these estimates are too high, bxit 
if we cut thern down one-half and suppose the other eleven counties reported to 
have suffered in like ratio it would make a total loss of over half a million dollars 
for the thirteen counties. Doubtful counties out of this area may have suffered 
more or less, but not so conspicuously as to attract attention. The moths were 
noted at Ames during the summer, but not in unusual abundance. 

Extracts from Iowa crop report. 

Adair County. — There is some new insect eating off timothy heads. 

Appanoose County.— Timothy heads eaten off by worms. There will not be 
_ any seed in Franklin Township, Within the last fifteen days a worm looking like 
an overgrown measuring worm made its appearance on timothy heads and com- 
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. pletely stripped many pieces, damaging the crop very much ; they have disap- 
peared. Timothy light, a small green worm eating off the heads. Timotliy heads 
'destroyed by a small green worm. 

Clarke County. — A worm working on timothy heads. 

Davis County. — Worms are eating off timothy heads. Timothy heads eaten off 
by a peculiar green w^orm, name unknown. Timothy heads destroyed by a small 
green vvorm. 

Decatur County. — Green worms working on timothy heads. Worms have de- 
stroyed timothy heads. Green worms playing havoc with timothy heads. A worm 
has almost destroyed timothy heads. 

Des Moines County. — T imothy heads eaten off by a small green worm. 

Henry County — A light-green worm 1 inch long has done great damage to 
timothy heads. A green worm did some damage to timothy heads, but has disap- 
peared. Meadow worms working at the root (of timothy) and a green worm eboiit 
inches long, name unknown, working on the head. Timothy heads destroyed 
by worms. Timothy badly damaged by a small green worm eating the head. 
Timothy being cut to save it from worms. 

Jefferson County. — Some w'orm working on tiinotliy heads, stripping off chaff 
and seed and leaving stems naked. Timothy seed, of which this county usually 
ships about 75,000 bushels, will not exceed the wants of home consumption. 

Lee County. — Timothy injured by a small worm eating off heads. A small 
gi*een worm has done great damage to timothy heads and is working on oats. 
Timothy heads destroyed by worms. 

Lucas County. — A green worm has appeared on timothy heads and wilL ma- 
terially lessen the seed crop. Bountiful rains June 10 to 18 promoted growth of 
timothy 10 per cent. ; a worm from half to two inches long appeared about the 
same time and has devoured whole fields. They do their work principally at night. 
Timothy seed has been completely destroyed by myriads of green worms. A worm 
doing damage to timothy heads. A small green w^orm doing great damage to 
timothy heads. 

Ringgold County. — Timothy wdll be a short crop in many fields; heads of timo- 
thy entirely eaten off by a green measuring w^orm. Grasshoppers and w orms head- 
ing timothy; small green w^orm eating off timothy heads. 

Van Buren County. — Timothy heads eaten off by wmrms. ‘‘Army-worms” are 
destroying timothy meadows. Timothy damaged by drought and a small green 
worm working on heads. 

Wayne County. — A worm, name unknown, cutting off timothy heads. Sod (of 
timothy) injured by spring drought and latterly a wmrm eating off the J leads. There 
is a. small green worm doing much damage to timothy heads. A w orm three-quar- 
ters inch long is eating the timothy; will not be more than 10 per cent, of a crop, a 
loss of $30,000 to this county. Timothy heads destroy ed by worm ; timothy heads 
eaten by worms. A wmrm resembling a Cabbage-worm is destroying timothy heads, 
A small green wmrm eating timothy heads. 

BLISTER beetles. 

{Lytla cinerea SLJid Epicauta vittata.) 

Two species of these common beetles were unusually abundant this season, doing 
considerable damage to various plants, and in a number of instances causing quite 
serious blistering upon the faces and hands of people. I noticed an item in the daily 
paper to the effect that in a certain town in Missouri they were so plenty, flying into 
houses by night and producing such severe blisters, that people were obliged to 
avoid lighting lamps in the evening. Several of the college students suffered from 
blistered faces after handling the cinerea, and I was myself adorned for several days 
with a swollen face, having, as often before, gathered a number in my hand and 
probably while perspiring brushed some part against my face. 

Lytta cinerea was the species first noted as abundant. June 7 and 8 it was plenty 
and stripping leaves of Honey Locust. June 9 I observed some of the beetles feed- 
ing upon clover, and that evening noted it attracted to my light. Specimens were re- 
ceived from Hancock County, w here it was reported destructive, and it was also 
reported destructive to potatoes in Cerro Gordo County. 

The Striped Blister beetle {Epicauta vittata) damaged some of the potato patches 
in and about Ames, and July 20 I noticed them plenty on injured corn, but as grass- 
hoppers were present they ma.y not have caused the damage. The following items 
from the crop report apply, most of them certainly, to this species, w^hile some may 
apply to either this or the preceding species: 

Adams County. — A long striped bug is eating potato vines. 
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Clarke County. — Potatoes damaged by a long striped bug. 

Clinton County. — Flying potato-bugs threaten late potatoes. The Spanish Fly 
is very destructive to the potato crop. 

Henry County. — Potatoes have been badly eaten by the long striped bug. 

Jackson County. — A new species of potato-bug has appeared, but as yet no dam- 
age done. 

Johnson County. — We have Colorado and two kinds of long bug, the latter 
headed off by Paris green. Army bugs are very bad on potatoes and corn. Colo- 
rado beetles appeared in small numbers and needed no attention, but the flying 
variety are extremely numerous and doing great damage to potato crop. 

Montgomery County. — A new variety of potato-bugs has appeared, doing great 
damage. They made their appearance June 8, and are equally destructive as the 
Colorado and far more difficult to destroy. 

Many complaints have come to me that these Blister Beetles can not be killed 
with Paris green or London purple. This, T think, must be*due to the insects travel- 
ing about so much, and thus leaving places that have been poisoned for their benefit. 
If care is taken to spray the whole patch, and especially parts not invaded by the 
'pest, the result would, I think, be much more satisfactory. It should be remembered, 
too, that especially with London purple effects are not to be noted for from twenty- 
four to forty-eight hours after application. It should of course be remembered 
that in the larval stage these insects are beneficial, so that where they become de- 
structive to some valuable crop, should they be destroyed ? 

THE FALSE CHINCH-BUG. 

(Nysius angustatus, Uhler.) 

The life history of this species, so far as I can find and as I have been informed 
by Professor Riley, who desired especial observations on the unknown points, has 
never been fully stated in that no record of the eggs or their place of deposition has 
been published. 

As the sppcies has been quite abundant here I undertook to determine this point, 
and in July, when adults were plenty and copulating, I made careful search in the 
ground around roots and among tbe leaves and blossoms of the common trailing 
Amaranth {Amarantus blitoides) where the insects were most abundant. My search 
was rewarded July 19 by the finding among blossoms of an egg which seemed reason- 
ably certain to be the one sought, and careful comparison with eggs dissected from 
gravid females proved them to be identical. 

The egg is slender, cylindrical, yellow, irregularly wrinkled, and tapering slightly 
at both ends. The smaller end is orange red. Evidently this is the head end and 
the orange-red color due to the eyes in process of formation. In eggs from dissected 
females this color is more diffused and less conspicuous. While eggs may doubtless 
be deposited elsewhere than upon the Amaranth this may with certainty be stated 
as one of the places of deposition, and in this locality this weed appears to be the 
chief food plant of the species. The cases recorded by Professor Riley, however 
(Mo. Rept., V, pp. 111-113), show that it may at times prove a serious pest. Where 
their destruction is desired it is evident that collecting and destroying the Amaranth 
during and after the time of egg deposition would be a preventive measuie easy to 

apply. , _ 

A few pupae and numerous adults, some of them copulating, were observed No- 
vember 15. Probably these adults winter over to deposit eggs m the spring. I have 
not, however, seen the adult in the early spring. As the spring brood does not ma- 
ture till July, and as observations have failed to show any brood maturing between 
this and late in fad we may consider that for this locality only two broods are 
produced annually. 

On July 14 (evening) I took a number of examples and noted rnany others that 
had flown to lights in my house, passing through the mosquito netting that covered 
the windows. 

NOTES ON MISCELLANEOUS INSECTS. 

Crepidodera helxines was quite abundant in May and caused considerable damage 
to the leaves of Poplar and Laurel-leaf Willow. Disonycha abbreviata was found 
upon seedling plants of Elcdgyius, and I was informed that it was seen eating the 
leaves. The plants were considerably damaged and no other insect likely to do the 
damage was present. None were seen after May 20, and no further damage to 
the plants was observed. Haltica chalybea was observed here for the first time on 
grapes. Adults were seen May 18 and larvae appeared in June, but no serious dam- 
age resulted here. Farther south in the State they caused serious injury. 
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Anomcea laticlavia was abundant and (June 9) observed stripping leaves of Honey 
Locust. It fed particularly upon the young leaves on sprouts. Many were noticed 
in coitu, the male with antennae kept fully extended, and body of male 'nearly at 
right angles to that of female. No eggs were found, and none were deposited by 
beetles in confinement, but those dissected from female were .65 to .70”"'' long, .40™°' 
wide, oval, some slightly reniform, yellow, and smooth. Twenty -two were taken 
from one female. 

Phyllotreta vittata quite abundant and injurious to cabbages. They were ob- 
served (June 28) very plentv on leaves above and below, and one plant was badly 
injured by their attacks on {he stem just above ground. They were also quite plenty 
on Horse-radish leaves. 

Diachus auratus was found (June 29) eating the blossoms of Red Clover and de- 
positing its eggs in the clover heads. The egg is oval, light brown, and covered 
with minute irregular projections and short, spiny protuberances. The egg before 
extrusion is smooth, but while passing out is coated with a glutinous substance 
which hardens and forms the spiny coat. This coat is started upon the end first 
extruded, and the egg, during extrusion, is gradually rotated by means of the hind 
legs. This, I take it, is to bring each part of the surface under the openings of the 
glands secreting the glutinous substance. Looked at from the direction of the in- 
sect’s abdomen the rotation was in sarne direction as hands of a watch, for those 
I observed. Eggs kept in a glass tube (inclosed June 29) were found hatched the 
morning of July 13. Some of the larvge had crawled from their egg cases; others 
were within, except head anti legs, and drawing case about with them. Larvae have 
the head reddish and the body and legs white. I attempted to feed these on fresh 
clover heads, but did not succeed. 

Alydus eurinus has become quite abundant during past tw^o or three years and 
occurs quite comjnonly upon Red Clovnr. July 21 I watched one closely for some 
time to see if it fed upon the clover, being careful not to disturb it, as they fly very 
quickly on approach of danger. It could be seen inserting its beak occasionally, 
then gradually withdrawing it, and to all appearance feeding. Examination of 
the clover head showed no insects, except a few larvae of Phadotlirips nigra aad 
one larva of Anthocoris insidiosus, none of which showed any signs of injury. The 
Alydus could not have been feeding upon them. 'Ihe habits of allied species would 
fa.v()i' the vegetable diet, and I believe it may be added to tlie long list of clover i:>ests. 

A nth OGoris insidiosus y a well-known species, has lieretofore been credited with 
preying upon certain noxious insects, and this summer, finding them plenty in 
clover-heads with PhloGotJirips nigra, I tested its relation to this species by placing 
(June 29) one of the pupae in a glass tube with a number of adults and larva? of the 
latter species. In a very few minutes it had red larva impaled and quickly sucked out 
the liquid contents of its body, so that it was shrunken to simjfiy a liead, terminal 
segment, and legs. On June 30 I placed an adult A. insidiosus in tube with clover 
plant-lice of different sizes and with adult Phloeothrips 7iigra. It made no attack 
upon the other insects at the time, and on July 1 had not eaten any that I could 
determine. Some of the plant-lice had molted, and this I concluded would account 
for all shrunken skins present. On July 2 the plant-lice were all dead, only 
shrunken skins remaining, while the Anthocoriswsis still active. It seems probable 
that the plant-lice were eaten by the bug, since being supplied with fresh food they 
might be expected to survive more than forty-eight hours. I also saw the Antho- 
coris inserting beak into tissues of fresh clover blossom. It did not attack the 
adult thrips. 

Piesma cinerea . — The Ash-gre}' Leaf -bug occurred the past summer in gTeat 
numbers, but was not observed as abundant oii any but noxious plants. A 
very few were noticed in spring on Grape but no damage to be seen. The same 
may be said of their occurrence on Plum. July 1 they were noticed in great 
numbers onAmarantus retroflexus{Fi^weedi or Arnaranth), mostly paired, and on the 
under surface of leaves were numerous eggs, which I took to be of this species. 
This I proved by confining adults and securing eggs, and further by watching de- 
velopment of larvae. A very few young larva? were also noted at this time. The 
eggs are yellow, elongate, slightly bent, with about ten longitudinal ribs, the head 
end cut square off, and the red eyes shovv ing plainly in eggs nearly ready to hatch. 
The larva? when first hatched are two-thirds of a millimeter in length and a fourth 
of a millimeter in width, the antennfc four-jointed, the eyes red, and a red spot 
showing very plainly in the abdomen. By July 12 many larvae on the plants ob- 
served were over half -grown, being at this time green in color. July 19 all stagos 
were abundant, but many in pupa stage and many adults apparently fresh from 
the pupa stage with the wings delicate, almost white, and the body throughout 
green, except the red eyes. Two y)airs apparently recently-issued adults were 
noticed in coitu. The green color is evidently retained for Bome time after reach- 
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ing the adult stage. This species was also observed , though less abundant on 
Amai'cuitus hlitoides, 

Erythronewm vitis was abundant throughout the season, as also Thrips tritici, 
and PhlcEothrips nigra Avas present , in immense numbers in clover blossoms, both as 
lai-A^so and adults, and I think there can be no question but that they got their 
nourishment from the plant. There seems, however, to be no very decided injury 
as a result of their i^resence, though it is to be noted that many clover lieads Avhere 
they are present blacken early and do not set seed apj^arently as full as they should. 
I have seen adults of the latter species 'working their jaws rapidly on the tissues of 
clover blossoms, but could not discover any of the tissue bitten away. 

TetranycJius telarius . — In addition to the usual plants infested by this mite I 
have obsei’A^ed it this season in egg, larval, and adult stages upon the leaA^es of 
clover, their presence being indicated by the u^ual yellowisli or rusty blotches. 


EEPOET OE THE SEASON’S OBSERVATIONS IN NEBRASKA. 

By Lawrence Bruner, Special Agent. 

West Point, Nebr., October 24:, 1887. 

Sir: Herewith is submitted a report of my observations in the State of Nebraska 
and adjoining regions during the current year, being incidental to our conjoint 
work on the Acrididce. 

Very respectfully, 

Lawrence Bruner. 

Prof. C. V. Riley, 

U, S. Entomologist. 


INTRODUCTION. 

The present has been an uncommonly favorable year for nearly every species of 
injurious insect that is thus far known to occur within the borders of Nebraska 
and adjoining States. A close, rather severe winter, followed by a moderately late 
spring without rains and changing to a hot, dry summer, has been the chief cause 
for this undue increase of noxious insects. 

Among the insect depredators that have come to my immediate notice during the 
year the following are chief : 

Chinch Bug, Codling Moth, Strawberry Crown-borer, Cottonwood Leaf Beetle, 
Colorado Potato Beetle, Cabbage Butterflies, Willow Sawfly, Ash Sawfly, Walnut 
Caterpillar, Corn Vvmrms, Cut-worms, Larva of Swallow-tail Butterfly on Ash, 
Weevils in ^eeds of Ash, several species of locusts, native and migratory, and three 
or four species of beetles on the native willows. 

COLORADO POTATO BEETLE. 

{Doryphora 10-Uneata.^ 

This beetle began operations rather later tlian usual, from which fact I had antici- 
pated a, year of comparative immunity from its ravages, which fa®t, I think, was 
mentioned in one of my letters to you at the time. During June, however, potato- 
fields began to suffer, and picking after picking of the mature insects appeared to 
make no impression on their steadily increasing numbers. Paris green and London 
purple alone saved such portion of the crop as was saved. Not until quite late in 
June and the early part of July did its natural enemies appear to be able to accom- 
plish anything perceptible in the Avay of checking its rapid increase. This state of 
affairs was the general rule. In my garden, however, the croj) was more favored, 
scarcely a beetle appearing until after the plants were all in blossom, and the flrst 
brood of the season made its appearance. From this time on they came in ‘ ‘ swarms,” 
and picking by hand availed but little. Soon the vines were covered and the leaves 
disappeared as if by magic. Now came the enemies, also quite numerous, vari- 
ous species of Lady-birds, Carabidae, and two species of Hemiptera {Anna spinosa, 
Dallas, and Perillusclaudus, Say), the latter not heretofore known by me to feed 
upon this insect. In fact I never saw it before that I remember of. When digging 
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potatoes about a month ago I saw at least fifty of them on a piece of ground about 
20 by 40 feet in size, in ditferent stages of growth, ranging in size from 2^^^® in length 
up to the fully matured ins ;Cts, which are from to in length. Since that time 
I have seen one or more daily creeping along the outside of the house or along the 
window aaid door screens. Only the mature insects were observed in the act of 
devouring the beetle larvae. 

This undue increase in the Colorado Potato Beetle is attributed to the long-con- 
tinued and excessive drought with which this section had been visited. During tlie 
past three months we have had ample rains, and the result liad been the almost im- 
me iiate disappearance of the pest, which Jiad just begun work on the tomato and 
various other solanaceous plants when the rains came. 

CHINCH BUG. 

{Blissus leucopteriis . ) 

Great and wide-spread have been the depredations of this repulsive pest, which 
next to the Rocky Mountain Locust is our most injurious species of insect enemy. 
From its depredations alone throughout the drought-stricken region of the Mississippi 
and Missouri valleys, during the present season many millions of dollars’ worth of 
grain have been destroyed, and in several localities actual jmvation is liable to follow. 

The annexed crop reports, culled from various daily and weekly newspapers pub- 
lished throughout this region, will give a slight intimation as to the true state of 
the subject under consideration. Still, each region always draws its own afiiictions 
as mildly as possible, while in speaking of those of a neighboring district they are 
liable to be somewhat overdrawn or exaggerated. 

About the beginning of the second week in July rumors of Chinch-bug depreda- 
tions at isolated localities throughout the drought-stricken area were first circulating 
through the press. A week later these rumors had become substantiated, and it 
was definitely known that their distribution and depredations were more wide-spread 
and general than was at first supposed; not only in this State, but also in Kansas, 
Missouri, low^a, portions of Illinois, I\Iinnesota, and southeastern Dakota. But not 
until harvest arrived was the full extent of their depredations known. 

Causes of increase . — When the matter is carefully studied and the causes of the 
undue increase of this insect are talien into consideration the wonder is that the 
injury was not greater and more wide-spread than it actually has been. The long- 
continued drought of last year, with large areas of Chinch-bug depredations, followed 
by a generally close and rather severe winter, after which came a warm, dry spring 
and hot, scorching summer; all these favored in the greatest degree the most com- 
plete development of the bug in all its stages. But comparatively few of its natural 
enemies were present; and most of these, too, being species that prefer preying upon 
other insects to feeding on the unsavory rebel under consideration when they can 
be found. These predatory species had a plentiful host in the various species of 
Aphids, leaf beetles, and such like other depredators that were also present in 
great numbers. 

One of the common and perhaps by far the chiefest of reasons for the large num- 
bers of the pest that are always ready to take place whenever the advantage offers 
is the great carelessness of farmers in general to “clean up” during late fall and 
early spring. Especially is this true in portions of Nebraska, Iowa, and Kansas. 
Tlie bugs winter among rubbish of all kinds, in meadows, along fences, in brush 
heaps, among fallen leaves, and among the debris collected by hedges, weed patches, 
and along the outskirts of groves among the underbrush. But there is no use of 
my going over these points that liave been mentioned again and again by all writers 
upon the subject. 

After the bugs have become a pest, the only effectual remedy is wet, cool weather. 
For some reason or other tlieir constitution is not suited to a superfluity of moisture, 
nor can they adapt themselves to it. Humidity has the effect of bringing on dis- 
ease and final dissolution with them, just as it does with various migratory locusts, 
the only difference being in favor of the locusts. A good, soaking rain, or at most 
two or three of such, following in the course of several days, g Bnerally ends effectually 
the most threatening Chinch-bug devastation, while on the other hand a 3^eai* or even 
two of such weather are sometimes required to entirely obliterate a locust plague. 

The, question, then, naturally comes up, can this insect not be materially kept in 
clieck by some other and natural means My answer to this question is, yes; to a 
certain degree, this is quite possible, and not nearly so difficult a task as one might 
suppose. A good cleaning up and burning of rubbish of all kinds in late fall, win- 
ter, or early spring, will answer the purpose, if the w ork be general, by reducing the 
number of hibernating insects. Osage orange and all ot^ber very brushy hedges are 
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the most attractive retreats, and at the same time most fotmidable retreats to master. 
For my part, I would be in favor of removing these and replacing them with some 
other kind not so difficult to keep free from the collecting debris carried by winds. 
Uncultivated prairie lands adjoining fields should also be burned early in spring. 
The breaking down and burning of corn-stalks in spring following a Chinch Bug year 
will also destroy myriads of the insects that have hibernated between the leaves and 
stalks. At other times, liowever , the stalks had better be utilized as manure by plow- 
ing under. If covered deeply, this will be a remedy fully as effectual as if burned. 
Protect the birds, and above all the quails, for they destro}^ countless numbers of 
hibernating insects of various kinds that are to be picked up about hedges and such 
like resorts frequented by these birds throughout the year. Although belonging to 
the granivorous birds, tlie quail is essentially insectivorous, except during inclement 
weather, when insects are not easily obtained. In my profession as taxider- 
mist! have dissected many different species of birds, in the crops of which were 
contained injurious insects of various kinds, the Chinch Bug among the others. In 
no other instance do I remember of the presence of this insect in the crop of a bird 
in so great numbers as in that of the quail. As a rule, but few birds, mammals, rep- 
tiles, or rapacious insects seem to relish any of the odoriferous members of the order 
Hemiptera or true bugs. In winter, however, this repugnance is partially overcome, 
and now and then even a Chinch Bug seems a delicate morsel when “meat ’■ is scarce. 

Very few insects are known to prey upon the Chinch Bug; while I, myself, have 
never observed any of the species which have been credited wifh the good work — ^ 
this attacking the enemy. True, I have frequently seen different species of Lady- 
bug;s {Coccinella^ Hippodamia, etc.), and the Lace-wing fiy upon the same corn-stalk 
with th(^ Chinch Bugs. Ux)on close observation it was also ascertained that the plant 
was more or less infested with some Aphid or plant-louse which had attracted 
these, their natural enemies, before the other bugs arrived. It must not be inferred 
from what I say here that I discredit the writings of such authorities as Thomas, 
LeBaron, and others. Such is far from my intention. 

Various remedies, as plowing, rolling, ditching, fencing, and the use of insecti- 
cides have been suggested and used with more or less favorable results, both in this 
and other States; deep plowing immediately after harvest having succeeded in a 
few instances by covering the bugs so deeply that they could not creep out. Roll- 
ing at a like season has crushed large numbers, while ditching and fencing have 
succeeded in “bunching” them, and for a time checking their onward movement 
while migrating from small-grain fields to corn-fields. A.t such times the dragging 
forward and backward of a heavy weight of some sort has been the means of caus- 
ing great slaughter among their continually increasing ranks. Ditches into which 
water could be turned have formed complete barriers to their creeping migrations, 
but not to the after movements of the winged insects as they were about to mate 
for the second brood. 

This insect, like all other depredators, has its likes and dislikes, and chooses its 
food-plants with considerable daintiness of taste. 

The small grains are the first on the list, after which follow some of the grasses 
and corn. Among the grasses Millet, Hungarian, and Fox- tail stand at the head, 
while a few others that usually grow as weeds follow closely. Wild Buckwheat is 
also quite a delicacy with them, and I have noticed several examples where weedy 
fields were less injured than clean ones, notwithstanding the fact that the one con- 
tained equally as many bugs as the other. Several farmers in this country have 
also mentioned the same fact to me. As a rule, grain in a grassy field has the dis- 
advantage alongside of that growing in a clean one. During the past summer I 
saw several examples in which the scale was turned. One of these in particular 
attracted my attention at the. time. The crop was corn, growing just across a 
road from a field of wheat which had been so badly damaged as to render its har- 
vest useless. The ground was covered with wild Hungarian or Fpx-tail grass which 
at the time, August 6, was dead and perfectly dry for a considerable distance in 
from the road. Upon examination it was found that our old acquaintance w'as at 
work here, attacking the Fox-tail in preference to the corn. Referring to my notes 
made on the ground, I find the following: 

‘ ‘ The Chinch Bug is still present in considerable numbers in a few corn-fields, 
but absent from others where there are signs of its work. In these a large per cent, 
of the grass (Fox-tail) has been entirely killed before the corn was attacked . In no 
instance has the corn been greatly damaged, the only perceptible injury being in 
the drying uj3 of a few of the lower leaves.” 

We had several heavy rains just prior to this, so the partial disappearance of the 
pest could very likely be attributed to that cause. Since that date but a few scat- 
tered specimens of the bugs have been noticed. Hence, I imagine our rains of 
August and September have been of great benefit in their diminution. 
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In conclusion, I would state that the only remedy that I know of is in clean farm- 
ing — burning all rubbish in early spring that has not disappeared during fall and 
winter; also the protection of our winter birds. 

In regions that depend entirely upon irrigation for moisture, or such that are 
easily flooded, there never need be any loss of crops from the depredations of this 
insect. 

As to future possibilities of injury we can say nothing deflnite, as weather alone 
will decide the matter, a wet year preventing and a dry one favoring their increase 
in damaging numbers. 


LOCUSTS (grasshoppers). 

During the month of June reports of the ravages of our old enemy, the Rocky 
Mountain {Melanoplus spretus, Thos.), in one or two localities in the Northwest 

were going the rounds of the press, especially Eastern papers. Just what these rav- 
ages amounted to I am unable to state, not having been upon the ground. Neither 
am I prepared to predict anything in reference to their numbers and probable where- 
abouts for the future. That this insect was on the increase two years ago, when I 
last visited the region in question, I am positive. From the occasional references 
to their appearance at widely-separated localities since, and the frequent scattering 
flights observed to pass over this locality, both during the summer and early fall of 
1886 and the present season, I am pretty certain their numbers have not decreased. 

The Ottertail County, Minn., visitation is evidently more familiar to you than to 
myself; therefore I merely add the newspaper clippings referring to it that have 
come to my notice. 

A few spretus alighted here about the middle of June, which arrived from the 
south. Others appeared July 10 to 13 from the north, and still others were seen in 
the air during the latter part of July and up to the 30th of August, the latter also 
moving southward, either from north-northeast or northwest. At no time were 
these flights what would be called large; still, when taken together, the numbers 
that passed would have comprised quite an extensive swarm. The only ones that 
were observed to deposit eggs were those which came in July, just before the harvest 
had fairly begun. From these there will be no danger next year, as their numbers 
were too few. 

On account of the severe drought during the last and the present year, the various 
species of native locusts have become exceedingly numerous in some localities, where 
they congregated from the surrounding prairies in such great numbers as to materi- 
ally injure the outer edges of grain-flelds, as well as to clean out many gardens. On 
the 13th of July, while out on the uplands, 3 to 4 miles east of town, I found these 
“natives” in large numbers in the ravines or low places where the grasses were 
still green, as well as along the edges of grain-fields. They had congregated from 
the adjoining higher grounds, upon which the grasses had dried up and withered. 

Melanoplus angustipennis^ Dodge, which only a few years ago was quite rare and 
confined to the lowlands along the Elkhorn, is now becoming quite numerous. If the 
species continues to increase as rapidly during the succeeding four or five years as it 
has during the past few, it will be equally as destructive as femur-rmbi'um, devastator, 
atlanis, and differentialis. When first described it seemed to be confined almost exclu- 
sively to Artemesia ludoviciana as a food-plant. Now it seems to take to almost any 
food-plant that presents itself. This Narrow- winged Locust is more nearly related to 
M. devastator than, to any of our other especially injurious species. Should it really 
become a pest, as present indications would suggest, its “arboreal” habit of living 
to a very great extent above the surface of the ground upon the stems and leavqs 
of plants renders it rather a difficult enemy with which to deal. 

Stenobothrus cequalis,SGudd. — At about 4 o’clock p.m. July 18, while walking 
through an orchard, I noticed several small grasshoppers spring into the air and 
start off on a flight, seemingly unmolested or unconcerned as to time of re-alighting. 
These locusts were so much smaller than any of the species heretofore observed by 
me to act in this manner that I decided upon an investigation, I accordingly 
watched for others as they arose and sailed joyously aloft, Avhen one chanced to 
drift within reach of my net and thus suddenly ended his anticipated spree. Im- 
agine my astonishment when the capture was ascertained to be a specimen of our 
common Stenobothrus oequalis, of the form approaching St. maculipennis. Further 
inquiry confirmed the fact that the recent capture was really one of many of these 
locusts that had actually decided upon a journey, and were on a move southwest- 
ward. By the aid of a field-glass it was estimate that some of these small locusts 
actually attained an altitude of upwards of 400 feet above the surface, while still 
higher were to be seen the larger specimens of M. spretus, of which a few were pass- 
ing in the same direction. 
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T1i8 StenobotJu'i can be distinguished in flight from the former by their much 
smaller size and more slender form and by their more rapid-moving wings. They 
also fly with their body more nearly horizontal than do the various species of Me- 
lanoplus and Camnula peUucida. 

I do not suppose that the flights of this locust as observed to-day are so extended 
nor so frequent as they are with the species which have heretofore been observed 
to migrate. Nevertheless, that there was a true migration in this instance I do not 
doubt. It may be argued that their leaving the stubble-field (for such it was where 
this action was first observed) was a necessity, and could have been accomplished 
in no other way. Be that as it may, there were others in the air enough higher to 
have come from considerably beyond the confines of the small field in question. 
Besides, they were seen from other localities later in the afternoon. The wind at 
the time was gentle, possibly 6 to 8 miles an hour. 

My impression is that many more of the Acrididie, as well as other members of 
the oiv.er, are at times migratory. Besides these Stenohothri, I also observed during 
August and September a similar mov^ement among the long-winged variety of 
Nemobius bivittatus and (JiJcarUhtisnigricorrds. These latter were leaving a recent- 
ly-mown meadow, upon which the grass was still green. They also rose to a height 
of several hundreds of feet, and drifted with the wind in a sirnilar manner to that 
employed by the migratory locusts. Nor did they alight immediately after cross- 
ing the intervening meadow, but kept steadily oiiward a8 far as the eye could fol- 
low them. Of these crickets at least two dozen, divided about equally between the 
two species, were noticed on the move. I only remained in the meadow about one 
hour, during which time I was collecting. 

CABBAGE INSECTS. 

Both the Rape and Southern Cabbage butterflies were quite numerous during the 
summer, and their larvae did considerable injury to cabbages throughout this por- 
tion of the State. When compared wit'i last year, I think the southern species 
{Fieris oleracea) was present in larger numbers this, while the Rape Butterfly (P. 
rapce) was fewer than then. 

I observed oleracea to be more partial to the pepper grasses than to cabbages. It 
also deposited eggs upon various cruciferous plants growing both in the garden and 
about the house. The rapce, on the other hand, stuck to the cabbages, kahl, and 
rape,, the latter of which grows promiscuously over the fields as weeds throughout 
the country. 

Besides the larvm of these two butterflies I also observed the small larvaB of 
Plutella crueiferarum in considerable numbers during the earlier part of the season. 
During August and September but few of them were seen. 

The cabbage-louse, generally called mildew, was also very numerous and caused 
some little damage in a few localities during August and the first week in Septem- 
ber. The same insect also attacked two of my melon vines and a small patch of 
sweet corn, but were soon mastered by the lady-bugs, which flocked in by the 
hundreds. 


THE CODLING MOTH. 

{Carpocapsa pomonella.) 

This insect is becoming so numerous and destructive that comparatively few ap- 
ples escape without a worm or two. In several orchards that I have examined 
during the season the finding of a perfect apple was rather more of a “chore’’ 
than one would suppose might be the case in a new country where apples have 
been raised but three or four years, and that, too, in rather small quantities. 
Either the moths must migrate in large numbers, or else this insect also infests 
some native plant. I have often found similar larvae in both rose-buds and the thorn 
apple. Whether these were those ot' Carpocapsa or belonged to some other genus 
I do not know^, as I have never tried to breed them. I do not think the increase 
of our Apple moth has occurred entirely at home, for but few apples go to waste, 
even the “ windfalls ” being utilized in almost all cases. 

FOREST-TKEE INSECTS. 

Among the insects that have been more or less injurious during the past summer 
the following species w^ere most conspicuous : 

Affecting the Ash, larva of Papilio turiius, Monophadnus barda, Thysano- 
cnemis helvolus, and T. f raxini. The Papilio larvae have been exceedingly nuraer- 
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ous and destructive in portions of Antelope County, this State, upon tlie small 
trees planted arid growing on “tree claims.” A Mr. Copeland tells jue of sev- 
eral instances wliere parties who had planted ash trees failed in proving up on 
their claims on account of the ravages of this insect. About equally destructive 
and by far much more numerous is the larvae of the Ash Saw-liy {Monophadnus 
bar da. Say). Tliis insect also infests the same district, wdiere it also kills many 
trees by repeatedly stripping them of their foliage. The larv'se of this Saw-fly are 
whitish and feed in company in a similar manner to that of several other species. 
I liave seen upwards of a dozen of them upon the upper surface of a single leaf. 

Kerosene emulsion would be an effectual remedy against both of these insects. 

I have for several years past noticed that some insect works in the seeds of our 
a>^h trees often to such an extent that fully half of the seed upon a tree has been 
injured. This, in a wooded country, would be of but little or no importance. 
Out here, however, where we depend upon the few natural groves that are grow- 
ing along our streams to furnish seeds for the planting of the thousands of tree 
' claims scattered over our treeless prairies, we soon discover the loss of seed. The 
present summer I found the two weevils Thysanocnemis helvolus and T. fraxini to 
be the dej)redators. 

Another insect which appears to be greatly on the increase in Nebraska is Datana 
angusii, O. and R., knowm out here as the Walnut Caterpillar. This insect has for 
the past four or five years been more or less injurious to our planted groves of 
black walnut. This year, however, it was quite abundant, and at three or four 
places completely defoliated a large per cent, of the trees. On father’s place, ad- 
joining town, there were at least 50 trees thus stripped. The first worms appear 
sometimes during the early part of July, and from that time on until the beginning 
of October. Whether there are more than a single brood each year, or wdiether 
their appearance is irregular, I can not say. Unlike some of the other species of 
the genus, this insect appears to be remarkably free from the attacks of parasites of 
all kinds. At least this has been my experience with it, never having found a 
single larva that showed any signs of being parasitized. The only birds that I ever 
saw eating it were the Cuckoos, both the yellow and black-billed species. 

Where the trees are not too tall, and time allows, hand-picking will answer ad- 
mirably in disposing of this and allied species. During the third to last molts the 
larvae congregate on the trunk and can be easily taken, their black bodies clothed 
with the scattered long white hairs, making them quite prominent objects wdiether 
in the foliage or upon the bark of the tree. Their gregarious habit also renders 
them more conspicuous and the more readily observed on account of theh taking 
the foliage clean as they go. 

The Honey Locust, which is used as a hedge-tree in portions of Nebraska, suffers 
greatly while yet small from the attacks of the gray Blister-beetle {Lyttd cinerea). 

1 have seen the trees defoliated in a few days. This present year but little injury 
occurred in the immediate vicinity of West Point, but up in Holt County trees that 
were set out last year were completely denuded, the beetles in some instances 
almost covering the entire tree, so numerous w^ere they. 

This tree also suffers greatly from the attacks of a Tortricid, the larvae of which 
spins together several leaves at night and feeds upon the adjoining ones. This in- 
sect, too, occasionally becomes sufficiently numerous to defoliate trees. Last year 
a piece of hedge, here at West Point, over 100 feet in length, suffered in this re- 
spect. 


THE AmRICAN CIMBEX. 

{Cimbex amerieana.) 

t 

This large slug-like larva feeds upon the White Willow, usually used for a hedge 
tree and wind-breaks about buildings. A few- years ago I first noticed it in injurious 
numbers on the hedges of Willow in Dodge County, about 16 miles southw-est of 
here. This summer again I was surprised to see it in very many new -localities, 
both in this and Dodge Counties. It always appears upon rather elevated ground 
back from the Elkhorn and tributaries. 

Referring to my notes of July 22 in reference to this insect I find the follow- 
ing : “ To-day I visited several localities only to find at least one-half of the larvre 
matured and transformed. In scraping away the leaves and other vegetable 
debris from underneath the trees it was found that the grubs invariably sought the 
sheltered or sunny side of the hedge before spinning in. They also appear to be 
gregarious in this stage, always congregating into groups of from two or three to 
tw-o dozen or more. Their transformation takes place only one-half or three- fourths 
of an inch below the surface.” 


t 
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Out of upwards of 400' pupas that I collected I failed thus far to rear a single par- 
asite. Of course these, if there are any, may not mature until next spring at the 
time when the images of the Saw-flies issue. Birds do not appear to feed upon 
'them, neither will domestic fowls. 

As a remedy against their rapid increase I would suggest the clearing away of 
all rubbish from beneath the hedge soon after the Igst worms have disappeared. 
This can- be done with an ordinary garden rake. Tlie rubbish should then be burned. 
A good method would be the supplying of an artificial retreat for the larvae, com- 
posed of finely-cut or brolten straw as a mulching, which could be easily removed 
and afterwards burned. 

This insect has always occurred here in moderate numbers upon the willows 
growing along the smaller streams ; and upon the introduction of the planted trees 
with the more favorable retreats has succeeded in becoming numerous and at the 
same time one of our dreaded insect enemies. 

OTHER INSECTS. 

Besides the above-named insects, the willows and cottonwoods in this and ad- 
joining States suffer greatly from the continued attacks of the Striped Cottonwood 
Beetle {Plagiodera scripta). This beetle was again exceedingly numerous aud de- 
structive in this and several other counties in this portion of the State. While 
large trees and those on low ground seldom suffer greatly from their attacks, 
small trees, and especially those growing upon elevated grounds away from streams, 
are often killed by them. 

Their natural enemies are chiefly those that are known to destroy the Colorado 
Potato Beetle (D. 10-Uneata). Among these enemies the various species of Lady- 
birds are chief. 

Several species of Chrysomela and Disonycha have also been quite numerous dur- 
ing the season just passed. These worked upon the foliage of several kinds of 
willow growing along the Elkhorn. They also were sufliciently numerous in many 
isolated localities to entirely defoliate the trees. 

Last, but not least to be dreaded, is the Strawberry Crown-borer {Tyloderm(Xfra- 
garice, Riley). This insect has been gradually on the increase throughout eastern 
Nebraska during the past few years, until now it has come to be recognized as one 
of our insect enemies. It not only attacks the tame varieties, but also works upon 
the wild vines. During the past summer I noticed it at work in a number of 
strawberry beds in this immediate vicinity, in one instance almost entirely de- 
stroying a large bed of several thousand plants, which the owner thought resulted 
from drought alone. It chose the Wilson in preference to the Crescent Seedling 
upon which to work, at least three times as many of the former than of the latter 
being destroyed. 

There were many other insects belonging to the various orders that were ob- 
served to injure crops and useful vegetation. These, however, were in rather 
limited numbers and their injuries of comparatively little importance, and I do 
not think it necessary to make mention of them at the present time. 


REPOET ON EXPERIMENTS IN APICULTURE. 

£ 

By N. W. McLain, Apicultural Agent. 


December 31, 1887. 

Sir: I have the honor to submit herewith my report of the work done under your 
instructions at this experiment station during the past year, the main features of 
which consist of a further prosecution of those lines of research begun in the year 
1886. _ ^ . 

I desire to acknowledge my obligations to yourself for the helpful assistance and 
encouragement you have given me while prosecuting my work under most discour- 
aging circumstances ; reference being had to the unparalleled climatic conditions pre- 
vailing throughout this region during the past year, and also to the altogether inad- 
equate financial resources available for the uses of the station. 

I wish also to thankfully acknowledge the valuable services and suggestions of 
those who have aided willingly in some lines of investigation, as well as the uni- 
formly kind and appreciative mention of my efforts by those in whose behalf the 
work is being done. 
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It is further a pleasant duty for me to acquaint you with the fact that the Bee- 
Keepers’ Association of North America, as well as some of the State bee-keepers’ 
associations, have passed resolutions thanking in appropriate tferms the honorable 
Commissioner of Agriculture and yourself for the deep interest you have manifested 
in advancing and developing the industry of bee-keeping. 

I am also under continued Obligations to the publishers of many apicultural and 
agricultural journals for the favor shown in pub lishing my reports, and for files of 
their valuable papers, among which I would mention: 

The American Bee Journal, Messrs. Thomas G. Newman & Son, Chicago, 111. ; 
Gleanings in Bee Culture, Mr. A. I. Root, Medina, Ohio; The American ApicultUrist, 
Mr. Henry Alley, Wenham, Mass.; The Canadian Bee Journal, The D. A. Jones 
Company, Beeton, Ontario; The Bee-Keeper’s Guide, Mr. A. G. Hill , Kendall ville, 
Ind.; The Bee-Keeper’s Magazine, Messrs. Aspinwall & Treadwell, Barrytown-on- 
Hudson, N. Y. ; The Bee-Keeper’s Advance, Messrs. Mason & Sons, Mechanics Falls, 
Me. ; The Cultivator and Country Gentleman, Messrs. L. Tucker & Son, Albany, N. 
Y. ; The Southern Cultivator, Atlanta, Ga. ; The Canadian Honey Producer, Mr. B. 
Holterman, Brantford, Ontario, Canada, etc. 

Yours, very truly. 


N. W. McLain. 


Dr. C. V. Riley, 

U. S, Entomologist. 


DISEASES OF BEES. 

The study of some forms of disease to which bees are subject, including an inquiry 
into the causes of disease, and the discovery and application of suitable remedies, 
has occupied much time, and the results from this line of investigation have been 
in a good degree successful and satisfactory. 

The excellent classification and complete history which have been given of the 
micro-parasitical forms which affect the life and health of bees simplify diagnosis 
and facilitate the discovery and application of preventives and cures. Modern 
science has shown that it is often necessary to unlearn much of what was supposed 
to. have passed beyond the region of doubt. The subject in hand furnishes no ex- 
ception. It is not strange that there should be confusion and error in dealing with 
the origin and habits of these micro-organisms which baffle the skill of the investi- 
gator. We are now collecting and tabulating data and testing theories in the cru- 
cible of experience, and while our investigations are incomplete and many seem- 
ingly determined facts lack full confirmation, and while significant manifestations 
await interpretation, we must be slow in reaching conclusions. We may indeed 
be in the region of the knowledge we seek after, but we must hold the evidence 
under survey until many-sided experience fully determines its value. 

Bacillus alvei (Cheshire). 

This disease, commonly but inappropriately called foul-brood, is indigenous in all 
parts of the United States, and is infectious and virulent to the last degree. Con- 
cerning the origin of Bacillus and other allied organisms but little is certainly known, 
but that the organism classified as Bacillus alvei is the active agent in the destruc- 
tion of both bees and brood is certain, for this agent is always present, and although 
its action in the living organism is exceedingly comphcated it is also well defined. 

The symptoms of this disease may be more clearly described by contrasting the 
appearance of bees’ brood and combs in a healthy colony with the diagnostic symp- 
toms attending Bacillus alvei. The bees act as if discontented and discouraged; 
the combs commonly present a dingy, neglected, and untidy appearance, and a 
characteristic odor is present, sometimes not noticeable until the hive-cover is re- 
moved, at other times offensive at some distance from the hive. This odor is very 
like that emitted from glue which has been prepared for use, then put aside and 
allowed to ferment. Instead of the plump, white, smooth appearance common to 
healthy uncapped larvte, tiie membranes more or less wrinkled and shrunken, are 
streaked with yellow, which with the succeeding stages of disease changes into a 
diugy gray brown ; then as putrefaction follows the color becomes a dirty red-brown. 
As evaporation progresses the mass settles to the lower side of the cell, and if the 
head of a pin be drawn through the mass, that which adheres appears quite stringy 
and elastic, the tracheae and tougher tissues resisting decay adhering to the cell. Later 
nothing remains but a black, fiat scale on the lower side near the bottom of the cell. ' 
If the disease does not assume the acute form before the pupa stage the brood is 
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capped over, but tlie cell cap, commonly of a darker color than that covering a healthy 
brood, settles, leaving the cover concave instead of flat or convex, and sliortly small 
holes appear, as if inquiry had been instituted to learn the condition, of the occu- 
pant, or to liberate the gases and odor and facilitate evaporation. Torn and lagged 
cell caps are frequent, and some cells maybe empty and cleansed; and in the midst 
of ragged and sunken cax^s a live bee may occasionally emerge. 

The means by which these deadly agents are commonly introduced into the hive 
and into the bodies of their victims has not been certainly determined. Prof. Frank 
K. Chesliire, F. L. S., F. R. M. S., to whom we are indebted for the classification of 
this si^ecies of Bacillus, and also for much that is valuable concerning its life his- 
tory and jjathogenic character, speaking of the means of propagating this disease, 
says (see Bees and Bee-Keeping, vol. 2, pp. 157, 158, London, 1888): 

My strong ox>inion is, that commonly neither honey nor i^ollen carry the disease, 
but that the feet and antennae of the bees usually do.” “ It is also extremely likely 
that spores are carried in the air and taken in by the indraft set up by the fanners. 
There will be no difficulty in this supposition when it is ffemembered that the organ- 
isms are so minute that a cubic inch of material would form a quadruj)le line of 
them from London to New York.” 

My own experience and observation is in agreement with this last proposition, as 
witness the following paragraph from my rejDort of last year (see Report of U. 
S. Entomologist, 1886, p. 587): 

‘ ‘ That the contagion may sometimes be borne from hive to hive by the wind a] 3 - 
pears to be true, as it w'as observed in one of the ax>iaries which I treated for this 
disease during the past summer that of a large number of diseased colonies in the 
apiary, wdth the exception of two colonies all were located to the northeast of the 
colony in wdiich the disease first appeared. The prevailing wind had been from 
the southwest.” 

Mr. Cheshire says further, page as above: “The bee-keeper is unfortunately 
almost compelled to become himself a probable cause of infection. His hands, 
made adhesive by pro|:)olis, carry' the spores or bacilli, and so may transfer them, 
even hours later, to healthy hives. The clothes should be kept as far as practicable 
from contact with suffering colonies, and the hands after manipulating them should 
be disinfected by washing with a w^eak solution of mercuric chloride (corrosive 
sublimate), one-eighth of an ounce in 1 gallon of water being quite strong enough.” 

The concluding paragraph under this heading in my report for 1886 is as fol- 
lows: 

‘ ‘That the disease germs may be carried upon the clothing and hands appears prob- . 
able, from the fact that in one neighborhood this disease appeared in only two apia- 
ries, the owners of which had spent some time wmrking among diseased colonies at 
some distance from home, while other apiarists in that locality who had kept away 
from the contagion had no trouble from foul-brood.” 

It has been the common belief that honey is the medium through which the dis- 
ease is most frequently introduced from both near at hand and remote sources of 
infection. That undue importance has been attached to honey as the common 
source of infection appears certain, for I have proved by repeated trials that if 
frames containing combs of capped honey, and having no cells containing pollen, 
be removed from infected hives and thoroughly sprayed or immersed, using an 
acid and alkaline solution of suitable strength to destroy the germs exposed to its 
action, the honey in such combs did not communicate disease when jplaced in 
healthy colonies and consumed by the bees as food for both summer and winter 
uses. I have found it altogether practicable to feed honey which had been extracted 
from infested combs without boiling, alw^ays adding, however, as a precaution, a 
disinfectant suitable to destroy any infection possibly lurking in such food. 

In speaking of honey as a means of carrying this contagion, Mr. Cheshire Says : 

‘ ‘ I have searched most carefully in honey in contiguity with cells holding dead 
larvas; have examined samples from stocks dying out wdth rottenness; inspected 
extracted honey from terribly diseased colonies, and yet in no instance have I found 
an active bacillus, and never have been able to be sure of discovering one in the 
spore condition, although it must be admitted that the j^robleili has its microscopic 
difficulties, because the stains used to make the bacilli apparent attach themselves 
very strongly to all pollen grains and parts thereof, and somewhat interfere with 
examination. I have no^v discovered that it is impossible for bacilli to multi- 
ply in honey, because they can not grow in any fluid having an acid reaction.” 

As to pollen being the medium b}^ which this contagion is commonly introduced 
into the hive, not wishing to ai)pear as speaking ex cathedra, I venture to say that 
further experiments in the line indicated in my report of last year leav^e little room 
to doubt the accuracy of the opinion then formed, namely, that pollen is the me- 
dium by which this contagion is most commonly introduced, and most rapidly 
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spread and persistently perpetuated. Continued observation showed that in those 
colonies where the largest quantity of pollen was being gathered the disease quickly 
assumed the mali^ant form, even when the quantity of brood was not greater than 
that being reared in other colonies where but little pollen was being gathered and 
in which the disease was far less virulent ; and in this latter kind, where little pol- 
len was being gathered, the contagion yielded most readily to treatment. But what 
seemed more to the point was, that from those colonies from whicli the combs con- 
tainhig pollen w'ere removed and a suitable substitute furnished in the hive, thus 
avoiding tlie necessity for bringing supplies from the fields, the disorder was cured 
and the colony speedily regained their normal condition. The fact that queen 
lar Vce seldom die from this contagion, taken in connection with what we know^ to 
be true concerning the character of their food, is significant, namely, that it is 
wholly composed of digested material, pollen grains being rarely found therein, and 
then as if present by accident and not l>y design, seems to justify the conclusion 
that the absence of pollen accounts for the absence of bacilli ; w’hile on the con- 
trary the food of worker laiwa3, secreted in excessive quantity and deposited in 
haste, occasional grains of pollen being dropped and no reason for their removal 
existing, the bacilli finding congenial cultures, multiply apace ; and if perchance 
the larvae escape infection, as is commonly the case until near the time of wean- 
ing, tlien live pollen being supplied, speedy and complete ruin results. Moreover, 
few if any bacilli are to be found in the chyle stomach of an adult queen at the 
head of a striclven colony, subsisted, as she must be, almost entirely upon secreted 
food produced by the worker bees : while in the chyle stomach of the worker, 
which partakes freely of pollen, they are present in quantity, and in fact line the 
whole intestinal tract. 

The evidence presented in sui:)port of this pollen theory of the means of introduc- 
ing and spreading this contagion is circumstantial, still it is component ; and if it 
fails to reveal the true source of infection, the fact that the consumption of such 
live pollen as is obtained from the fields during the prevalence of this disease, or 
such old pollen as is stored in cells in which it may have molded or rotted and be- 
come a j)ossible source of infection, aggravates the disease and makes it more per- 
sistent, and the fact that if the old pollen be removed from the hive and artificial 
pollen be substituted the malignant and persistent characteristics disappear, and 
that the contagion then readily yields to suitable treatment, is settled beyond ques- 
tion. 

While it is true that queen bees have less to fear from infection in the larval 
stage, it is also true that queens reared in infested colonies are commonly worth- 
less. Of twenty-five queens so reared in one apiary and successfully established at 
the head of as many colonies, not one survived the i^eriod of hibernation. In case 
the contagion does not assume the acute form in the larvae it may localize and be- 
come chronic, and so, the bacillus of disease being as unnatural as disease itself, 
both worker and queen may live on for weeks and months, and the queen, with 
both life and death within her, transmitting the possibilities of both. Mr. Cheshire 
has counted as many as nine bacilli in a single egg, a discovery full of significance 
when striving to account for the spread of disease. It is but natural that this con- 
tagion, being a disease of the blood, should find congenial and luxuriant feeding- 
ground among the most delicate and highly organized glands and tubes of the 
ovaries. 

We may reason thus : The bee-pap furnished to the queen larva, the protojilastic 
egg-food, copiously furnished to the queen during the breeding season, is con- 
tinuous and passes from cell to cell. The germ cell of bacillus contributed to the 
organism of the queen in larval or in egg-food, borne along through the digestive 
and circulatory system, passes within the ovarian tubes and from thence into the 
nascent egg-cell, and once within the yolk is ready to contend for supremacy 
against the spermatozoid soon to be introduced. But the strife is unequal, and in- 
stead of the differentiating principle determining the form, function, and instinct 
of a new creature appointed to long life and service, the bacillus, finding the en- 
vironment suited to multiplication, sterilizes the blood and riddles the tissues and 
viscera. 

The remedy which I have found to be a specific — by the use of w hich I have cured 
hundreds of cases, many of which seemed hopelessy incurable, without failure and 
without a return of the contagion, except in the case of two colonies of black bees, 
where the disease reappeared in a form so mild that each colony was speedily cured, 
each one casting a swarm and making a fair amount of surplus honey — is prepared 
and applied substantially as directed in my last annual report. 

In 3 pints of warm soft water dissolve 1 pint of dairy salt. Add 1 pint of water, 
boiling hot, in which has been dissolved four tablespoonsful of bicarbonate of- soda. 
Dissolve one-quarter ounce of pure salicylic acid (the crystal) in 1 ounce of alcohol. 
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Add this to the salt and soda mixture, then raise the temperature near to the boiling 
point, and stir thoroughly while adding honey or sirup sufficient to make the mix-, 
ture quite sweet, but not enough to perceptably thicken, and leave standing for two 
or three hours, when it is ready for use. An earthen vessel is best. I have tried 
other acids and alkalies in other forms, but the remedy prepared as directed and ap- 
plied warm is that which I prefer. 

Treatment . — Upon removing the cover from the hive thoroughly dampen the tops 
of the frames and as many bees as are exposed by blowing a copious spray of the 
mixture from a large atomizer. Beginning with the outside, lift a frame from the 
hive and throw a copious spray over the adhering bees on both sides of the comb, 
shake off part of the bees into the hive, and spray those remaining; then shake and 
brush these into the hive; then blow a copious spray of the warm mixture over and 
into the cells on both sides of the combs sufficient to perceptibly dampen both comb 
and frame. In like manner treat all the frames, seriatim, returning them to the hive 
in order. From combs containing very much pollen the honey should be extracted 
and the combs melted into wax. This extracted honey may be fed with safety, 2| 
ounces of the remedy being added and well stirred into each quart of honey. 

All the colonies in the apiary should be given a thorough spraying the first time 
the treatment is applied, but combs containing pollen need not be removed from 
healthy colonies. After the first thorough treatment the combs and bees should be 
thoroughly sprayed with the remedy at intervals of two or three days until cured. 
Three treatments after the first thorough application are commonly sufficient. First 
one frame being lifted from the hive and sprayed and the others simply set apart, so 
that the spray may be well directed over and copiously applied to both bees and 
combs. An essential feature in my method of treatment, which I failed to make 
duly significant and prominent in my last annual report, is that medicated honey or 
sugar sirup should be continuously fed to all infected colonies while they are con- 
valescing, for not only must the contagion be driven from the organism of the adult 
bee and suitable food and tonic given to aid in repairing the ravages of disease, but 
a constant and even supply of the remedy serves as a preventive and cure for the 
larvae; 

The honey or sirup should be fed warm, and two ounces of the remedy should be 
well mixed in each quart of food, which may be given in feeders or by pouring over 
and into empty combs and placing these in the hive. 

To prevent the bees from going abroad for supplies, make a thin paste of rye flour 
and bone flour, three parts of the former to one of the latter, adding the medicated 
honey or sirup. Spread this over a small area of old comb and honey in the hive, 
or feed in shallow pans or wooden butter dishes in the top of the hive or outside 
in the apiary, under shelter from rain. I prepare the bone flour by burning dry 
bones to a white ash. The softest and whitest pieces I grind to dust in a mortar and 
sift through a very fine sieve made of fine wire-strainer cloth. The coarser pieces of 
burned bone I put in open vessels with lumps of rock salt, which I keep half covered 
with sweetened water and sheltered from the rain, at all times accessible to the oees. 
The rapidity with which depleted colonies recuperate and become populous is sur- 
prising. I have tried supplying the saline, alkaline, and phosphate elements in bee 
food by using boracic acid, phosphoric acid, etc. , but I find that the bees take kindly 
to the supplies prepared as I have directed, and the amount consumed shows their 
appreciation and need. Such supplies of food and drink should be kept at all times 
in the apiary, easy of access. I have not found disinfecting of the hives necessary 
further than to simply dampen the inside with a copious spray of the remedy, and 
sometimes no care was taken to do even this. 

Starved Brood. 

A disorder which has been quite common in several States during the past 
season is resultant from conditions prevalent during severe and protracted droughts, 
and long periods of extremely high temperature, such as has existed over large 
areas. 

The disorder is significant and important, not so much on account of the actual 
numerical loss entailed upon colonies affected, which in my own case and in many 
cases reported to me have been severe, as in furnishing proof of failure on the part 
of those food elements indispensable during the breeding season to meet the large 
demand for larval food and essential in maintaining the health and vigor of the 
bees while the digestive and secretory organs are being taxed to the limit of their 
capacity. This* failure of natural resources results in low vitality, susceptibility 
and predisposition to disease, and inability to successfully perform the function of 
hibernation. With some exceptions, due to local advantages, throughout the States 
stricken by the drought of the past summer the bees have entered upon the period of 
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hibernation under conditions more or less unfavorable in proportion as they h^,ve 
suffered in greater or less degree from the effects of the all-consuming drought and 
heat. 

The symptoms of starved brood are distinctively characteristic. Upon opening 
the hive a slightly off^Shsive odor may be noticed if the colony has been suffering 
for some time. If the comb-frame be lifted from the hive and the bees shaken off 
few if any eggs can be found. Of such brood as is sealed the cappings appear to 
be thin and flat and slightly sunken, and commonly of darker color than is usual 
in prosperous colonies. Upon opening the cells they are found to contain dead 
pupse in various stages of development, always inferior in size, and the food supply 
exhausted. In the midst of sealed brood patches of uncapped larvee appear, and 
sometimes a patch of 5 or 6 inches square, and sometimes there seems to have been 
no effort made towards sealing half the grown larvae in the hive, although the 
time for such sealing may be far overdue. The membranes of such larvae do not 
present the plump pearly-white appearance common to well-fed larvae. On the 
contrajry, the membranes are more or less shrunken and wrinkled, and not un- 
frequentiy, when the larvae have reached the advanced pupa stage, the compound 
eyes begin to color and the cells are partially capped and then abandoned, and the 
appearance is that commonly designated by the term bald-headed bees.” Some- 
times a few of these bees, dwarfed in size, emerge from the cells and engage in the 
labors of the hive with what vigor and for such term as their limited development 
will permit. In a number of tests made during the i)ast season the progeny of the 
same queen, reared under directly opposite conditions of larval growth, so varied in 
size as not to be recognizable as offspring of the same progenitors. The reason 
for this variation was not far to seek. The changed conditions of the colony during 
the time when the different generations were being reared determined the modifi- 
cation in development. The remedy I used and prescribed for others was preventive 
rather than curative. Starved brood means starved bees. If the cause be removed 
the effect speedily disappears. All that needs to be done is to supply them with a 
substitute for those resources essential to their own health and vigor and indis- 
pensable in brood-rearing, in search of which they are rapidly and vainly wearing 
out their vitality. 

The recipe for preparing the remedy is as follows : 

To 10 pounds of sugar add half a pint of dairy salt, 2 table-spoonsful bicarbonate of 
soda, 2 talfle-spoonsrulrye flour, 2 table-spoonsful very finely j^owdered bone ash, and 
1 table-spoonful cream tartar. Mix thoroughly, then add 2 quarts hot water, and 
stir until thoroughly dissolved, then boil for two or three minutes only. To one- 
half pint fl esh milk add 3 fresh eggs thoroughly beaten, and when the sirup is cool 
enough to feed add the eggs and milk, and when thoroughly stirred feed warm. Feed 
in the hive as one would feed honey or sirup. 

, I used this same food for preventing spring dwindling and for building up colo- 
nies to full strength and efficiency, so that all colonies may be ready for work at the 
very beginning of the season when surplus honey may naturally be expected. This 
food fed in the hive keeps all the bees at home to aid in performing the functions of 
brood-rearing and in keeping up the temperature of the hive instead of spending 
their little remaining strength in battling against the cold, damp winds while search- 
ing for the food elements needed to repair the waste and drain upon their vitality 
while hibernating, and indispensable in brood-rearing. This food is not intended for 
use until after the bees have had a good flight in spring and almost any grade of 
honey or sugar may be used. This special food is a potent stimulant and tonic to 
the adult bees, giving tone and vigor’ to the organism, and furnishes the elements 
essential in brood-rearing in the place and in the manner suited to the convenience 
and tastes of the bees. No greater quantity should be fed than is required for the 
current needs of the colony. 

THE CONTROL OF REPRODUCTION. 

In order that the laws of heredity and the active principles of selection may be 
practically and persistently applied in the breeding of bees, 1 have in obedience to 
your instructions continued my experiments, striving to discover a simple and prac- 
tical method for securing control of the natural process of reproduction. 

I devised and constructed a fixture, which I call a fertilizing cage, 22 feet square 
and 26 feet high. Selecting a level plot of ground I set 4 rows of posts, 4 posts in 
each row, forming a quadrangle . These posts are 4 inches square and 30 feet in length, 
set into the ground 4 feet and exactly 7 feet apart. Four rows of girders, 2 by 4 
inches by 22 feet 4 inches are halved in two and bolted to the inside of these posts, the 
first row 5 feet from the ground, then three rows at intervals of seven feet until the 
top is reached, , The upper 3 lines of ghders are continued from each side of each 
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inside post, forming a brace on each side of each post at intervals of 7 feet, and form- 
ing the bearings for the wire-covered frames which cover the top of the cage. The 
space from the ground to the first girder, 5 feet, is covered with matched lumber 
nailed to the outside of the posts, leaving a smooth surface on both sides. The upper 
21 feet on the sides and the top of the cage is inclosed by wire-covered frames 7 feet 
square, bolted to the girders on the sides and securely fastened with screws to the 
frame- work at the top. The height of the cage is thus adjustable at 26 feet, 19 feet, 
or 12 feet from the ground by simply lowering the screen frames forming the top, 
and the upper row (or two upper rows as the case may be) forming the sides of the 
inclosure, the purpose being not only to determine whether queens oi- drones would 
mate in this cage at full size, but also how small an inclosure would be sufficiently 
large to give suitable freedom and range of flight. 

These wire-covered frames are framed like a two-light window-sash, with a mul- 
lion ill the center, on which the two breadths of wire-cloth meet. Strips of wdod 
secure the edges of the cloth and cover all joints at the sides of the frames. With 
the lower board of the siding settled into the ground a.nd earth filled against the 
inside and the door tight-fitting the cage is bee-tight. I used drab-colored wire 
cloth, which obstructs the light but very slightly. A shelf is fitted against the four 
sides of the cage on the inside 1 foot from the ground and alighting boards di- 
rectly opposite on the outside. Upon this shelf the hives are placed. Each hive 
has an exit cut in either end and an exit is cut through the wall of the cage regis- 
tering with the outer exit of each hive, over which, on the outside of the wall, a 
piece of queen-excluding zinc is nailed. These hives are painted strikingly distin- 
guishing colors, as red, white, blue, green, yellow, and black, and a space opposite 
each on the alighting boards and a corresponding space on the outside of the wall 
of the cage are painted in corresponding colors. The colors are repeated in the or- 
der named, which separates the hives of the same color a sufficient distance to pre- 
vent confusion, and bees and queens readily distinguish their own hive by means of 
color as readily as by location. If the inner exit be left closed for a day or two 
after a colony is placed in a cp.ge the worker bees readily learn to enter their own 
hive upon returning from tlie fields. I found that the queens had no difficulty on 
returning to their own hives after taking flight in the cage. To test that fact I fre- 
quently oj^ened a number of hives in succession and placing the queens upon the 
palm of my hand tossed them high in the air, when they would take wing and fly 
away. Upon re-opening the hives a few minutes later they would be found upon 
the combs. The queens and drones appeared to fly and disport themselves with as 
much freedom and regularity in the cage as tliey did in the apiary outside. The 
virgin queens were introduced from the nursery by various methods. Some were 
hatched in colonies in the cage from cells matured in strong queenless colonies and 
some from cells built under the swarming impulse, wiiich this season could be pro- 
duced by artificial means only. Mature drones were selected from the hives in the 
apiary and also from tliose returning from their excursions and liberated in the 
cage, and sealed drone-brood was removed from hives in the apiary and hatched in 
strong colonies built up in large hives in the cage, and these drones all flew with 
freedom and regularity. A few times I observed a queen embrace a drone and fly 
all about the cage with entire freedom, and then, the embrace being broken, each 
flew away in different directions, tlie queens returning to their hives and the drones 
at once rejoined their fellows in the upper part of the cage. It is needless to add 
that in such cases no accouplement had taken place. 

The results realized from this line of experimental work have been so meager and 
the circumstances attending the experiments so exceptionally unfavorable that it is 
not easy to form an estimate of their value or determine their significance. Of the 
many scores of trials made but six were successful; but six queens were fecundated 
in the fertilizing cage. However, as the improvement of the bee to the highest 
attainable excellence outranks all other considerations in practical importance and 
scientific interest, the methods and results of any intelligently-conducted experi- . 
ments having this end in view are well worth placing on record. Besides future trials 
may receive direction from a multitude of failures and the trying experience of the 
past season is not without compensating features, for even the little gains we make 
in positive knowledge, although apparently trifling in themselves, have often sig- 
nificant meaning and broad bearing on questions of great value. 

My experience and observation lead me to believe that the main reason why this 
experiment was not satisfactorily successful was because of the protracted drought 
and high temperature which lasted through the entire breeding season, the like of 
which has not before been known in this region. From May, 1886, until Decem- 
ber, 1887, drought prevailed, broken only at long intervals by light showers. The 
succession of two summers of excessive heat and unbroken drought insured disas- 
ter to the present season cumulative in kind and intensified in degree. Continuous 
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feeding h?cS been required to keep up breeding and to prevent starvation. Wheji- 
ever feeding was suspended for two or three days, throughout nearly the entire 
season, oviposition would ce?cse and the bees ate their eggs, and it has required per- 
sistent trials and careful management to rear drones and keep them alive. It has 
been difficult to get three or four queen cells matured in colonies such as in ordi- 
nary seasons would rear from twenty-five to forty, and of those permitted to re- 
main outside in the apiary and seek a mate at v.dll two of every three failed of 
fecundation. During the entire season a large majority of the larval queens, be- 
ing insufficiently fed, died in the ceil, and ^rlien for days and weeks together the 
temperature ranged from 110° to 120° F. in the sun during several hours each day 
the pap-food would ferment and turn a dark amber color and dry up to tho con- 
sistency of thick glue at the bot tom of the cells with the dead pupae. When the 
temperature ranged from 100° to 110° F. in the sun the average temperature in the 
hive was from 5° to 2° higher until 112° was reached. Then, when the range in 
the sun was from 115° to 125° the temperature did not go above 112° in the" hive. 
The fanners were able to prevent the temperature rising above 112° in hives 
standing in the sun with a shade-board above the hive-cover. The worker larvae 
seem to be able to endure a higher temperature than queen larva3. This sea- 
son, as a rule, the drones were much smaller than drones from the same ancestors 
in the summers of 1885 and. 1886, and there was a great inequality in the size of 
'drones and queens of the same parentage and reared at the same time in the same 
hive, and a very unusual proportion of the queens were deformed and unable to fly. 

Continued observation and experiment furnish corroborative evidence of the cor- 
rectness of the theory advanced in my last annual report, namely, that drone bees 
differ in degrees of procreativeness, properly classified as the impotent, the con- 
ditionally potent, and the potent ; and that it is the prerogative of the worker bees 
to determine the degree of development and dominate the function of the drones 
as they determine the kind and degree of development of instinct and organism 
and dominate the functions of the queen. The volition of the queen determines 
the sex of every one of her descendants ; but the life of every individual as well as 
the modifications in organism and instinct depends upon and receives its direction 
from the worker bees, whose unerring prescience forbids the rearing or maintain- 
ing of individuals for whose services there exists no present or prospective demand. 
It is only when this keen apprehension of the present and jirospective conditions of 
environment indicates a necessity for rearing and maturing potent or potentially 
potent individuals that such are reared and matured and furnished for the func- 
tions they are to perform. Under circumstances unfavorable in the extreme a con- 
dition of seeming prosperity may be artificially produced, and drones numerically 
plentiful may be reared and preserved alive. It has taxed my skill and patience 
to the last degree during the past season to do this. I resorted to every strategem 
I could devise to secure a supply of mature drones, but in most cases the workers 
were either unable or unwilling to supply the drone larvro with food suitable in kind 
and quantity, for a large proportion of the drones were dwarfed. Dissection showed 
the sex organs of this sort to be inferior in size, dry, and em^ity. I{ot one drone in 
one hundred of those which were fully developed, when held by the legs or wings 
or when pressed upon the thorax, were able to perform the expulsion act, and the sex 
organs of such, with rare exception, contained nothing but a little clear, thin mucous. 

I have during the past season at Various times examined the contents of the sex 
organs from scores of drones well developed and structurally perfect of the class 
which I believe to be potentially potent, in which I have not been able to discover 
active spermatozoa, nor was the mucous secretion present of that color and con- 
sistency which I believe to be the product of special feeding and indispensable to 
sexual desire, and for liberating and floating the spermatozoa into the spermatheca. 

Without wishing to appear dogmatic, after another season exceptionally favorable 
for such observation and experience as has furnished more complete dada and c^)r- 
roborative evidence, I venture to reassert my belief as set forth substantially in my 
last annual report, that the preparation for and exercise of the reproductive faculty 
in drone bees, as well as in queens, depends upon and is determined by the workers. 
As with the queen so with the drone, desire and capacity wait u^xju the will and 
resources of the workers. 

As the queen must be bountifully supplied with egg-food before the egg-cells be- 
gin to germinate and mature in the ovaries, so I believe the drone must be well 
supplied wnth that special food suited and intended to produce the desire and capacity 
fo-’ performing the act of copulation, the giving and withholding of which is in- 
stinctively determined by the worker bees as the present and prospective condition , 
demands. Tliroughout tlie past season of extreme heat and protracted drought .there 
\v^s almost total failure of all natural resources, and all the influences of nature to 
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which bees are subject warned them that there was no actual necessity for feeding 
and maturing drones, and that the abundance and prosperity with which I had 
supplied them were artificial and deceptive. In the impotency of the drones, alm ost 
universally prevalent, I find the reason for the almost total failure of this experi- 
ment. The fact that both drones and queens flen with freedom and regularity in 
the cage, and the fact that in a few cases queens were successfully mated in the 
cage when but few were successfully mated outside leads me to believe tliat under 
favorable conditions satisfactory success may be expected. Experiments in breed- 
ing bees during the prevalence of such climatic conditions as those of the past sea- 
son are attended with hindrances which I have not been able to overcome. My 
experience and observation have suggested some clianges in the size, shape, and 
manner of constructing the cage which I believe would be an improvement. If, 
under favorable circumstances, the control of the process of reproduction can be 
sec'ured by the use of a device permanent in kind amd of moderate cost then every 
queen breeder and progressive bee-keeper may apply the laws of hereditj^ and the 
principles of selection to the breeding of bees wdth assurance of realizing results 
alike in kind and degree to those which have by the persistent application of the 
same laws and principles been realized in breeding all kinds of domestic animhis. 

I have, by establishing mating stations in localities remote from other bees, secured 
the mating of queens and drones selected on account, of their excellent paternity 
and perfect development. I controlled the flight of the different varieties by the use 
of queen-excluding zinc. By crossing selected individuals of different varieties, 
and by mating selected bees of the same variety avoided in breeding, I have laid 
the foundation for some ancestral stock of superior excellence. This kind of work 
requires much patience and persistence during such a season as that just ended. I 
have begun many other experiments, many of which failed, and others, lacking in 
completion, require no mention here. 


EXPLANATION TO PLATES TO REPORT OF ENTOMOLOGIST. 

Where figures are enlarged the natural sizes are indicated in hair-lines at side, un- 
less already indicated in soTne other way mi the plmte. 


EXPLANATION TO PLATE I. 

THE CHINCH BUG. 

(Original.) 

Fig. 1.— Stalk of wheat showing Chinch Bugs at 
work — natural size. 

Fig. — The eggs, showing slight variation in color, 
and the terminal caps — greatly enlarged. 

Fig. 3.— Larva of second age— greatly enlarged. 

Fig. 4. —Larva of third age— greatly enlarged. 

Fig. 5.— Pupa— greatly enlarged. 

Fig. 6. — Adult insect, normal type — greatly en- 
larged. 

Fig. 7. — Adult insect, ordinary short-winged form 
(Fitch’s var. apferus) — greatly enlarged. 

Fig. 8.— Adult insect, short-winged form from the 
sea-shore— greatlj’’ enlarged. 

EXPLANATION TO PLATE II. 

THE CODLING MOTH AND ITS PAEASITEa 
(.Original, except fig. 5.) 

Fig. 1.— Nearly full-grown larva, from side— en- 
larged. 

Fig. 2. — Chrysalis from side — slightly enlarged. 

Fig. 3. — Adult, from above, with expanded wings — 
slightly enlarged. 

Fig. 4.- -Adult, from above, wings closed— slightly 
enlarged. 


Fig. 5. — Apple cut open, to show v»"ork of larva 
which has become full grown and issued: 
a, full-grown larva; 6, moth at rest; c, 
the less common channel of exit through 
cheek of apple; cZ, the point where the 
egg was laid, showing original channel 
of entrance, afterwards enlarged for the 
purpose of pushing out excrement — all 
natural size (redrawn from Riley). 

Fig. 6. — Apple oviposited in by second brood of 
moths, cut open, showing appearance 
before larva has reached half growth — 
natural size. 

Fig, 7 .—P’impla cetmuUpeff, female enlarged. 

Fig. 8. — 21acrccmirus (Udicatiis, female — en- 

larged. 

EXPLANATION TO PLATE III. 

Fig. 1. — Immature stages of the Chinch Bug: a, 
h, eggs; c, newly -hatched larva-- both 
greatly enlarged ; d, its tai sus — still m.ore 
enlarged; e, larva after first molt; /, 
same after second molt; g, pupa — all 
greatly enlarged; h. enlarged leg of 
adult ; j, tarsus of same— still more en- 
larged; 2 , proboscis or beak- greatly en- 
larged (after Riley). 

Fig. 2.— Adult Chinch Bug, :>hort-v.dngod varie- 
ty — enlarged (after Rile'. . 

Fig. 3. — Adult Chinch Bug, normal form — en- 
larged (after Riley). 
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Miscellaneous Insects. 
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The Wolfskill Fumigator. 
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Fig. 4:.~Cycloneda sanguinea, an enemy of the 
Chinch Bug— enlarged (after Riley). 

Fig. 5 . — Hippodamia glacialis, an enemy of the 
Chinch Bug— natural size. 

Pkj, \^--Hippodar.%m maculata^ an enemy of the 
Chinch Bug— enlarged. 

Fig. T . — Hippodaraia convergens, an enemy of 
the Chinch Bug: a, larva; b, pupa; c, 
adulh-all natural size (after Riley). 

Fig. H. Milyas cinctus^ an enemy of the Chinch 
Bug: a, adult bug — enlai-ged; b, its 

b(?ak — si ill more enlarged (after Riley). 

Fig. j\y.nus aiigustatits, frequently mistaken 
for the Chinch Bug: 6, pupa; c, mature 
bug — enlarged (after Riley). 

Fm. 10.- -A gonoderus palUpes, an enemy of the 
Chinch Bug— enlarged (after Riley). 

Fig. 11.- Chrysopa pjlorabunda, an enemy of the 
Chinch Bug: a, eggs; 5, larva; c, cocoon; 
d, adult— all enlarged. 

Fig. 1 .‘'^. — Triphleps insidiosus, an enemy of the 
Chinch Bug, frequently mistaken for it — 
enlarged. 

Fig. 13 . — Piesma cinerea, mistaken for Chinch 
Bug— enlarged (after Riley). 

Fig. 14 . — CorimelcEna pulicaria, mistaken for 
Chinch Bug— enlarged (after Riley). 

Fig . 15^.— CiLauliogiiathus pemisylvanicus, an en- 
emy of the Codling Moth: a, larva, full 
grown— natural size; b, c, d, e, f, g, h, 
head parts— enlarged; ?, adult beetle— 
natimal size (after Riley). 
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EXPLANATION TO PLATE IV. 

(Engraved from a photograph.) 

The Titus f umigator — invented in California for 
the gas treatment of trees infested witih 
Scale-insects. 

EXPLANATION TO PLATE Y. 

(Engraved from a photograph.) 

The Wolfskin f umigator— another device for the 
same purpose. 

EXPLAN.ATION TO PLATE VI. 

(Engraved from a photograph.) 

The Culver fumigator another device for the 
same purpo.se. 

EXPLANATION TO PLATE VII. 

(Engraved from a photograph.) 

Cattaneo “Primitive” Mulberry tree, eight years 
from the seed. 

EXPLAN ATrON TO PLATE VIII. 

(Engraved from a photograph.) 

Cattaneo “Primitive” Mulberry tree, showing 
methods of pruning. 
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I liave the honor to submit herewith the report of the work done 
by the Chemical Division for the year 1887. 

This work may be classified as follows: First, the continuation of 
the subject of investigations of food adulteration; second, investiga- 
tions connected with the manufacture of sugar from sorghum and 
sugar-canes; third, studies of agricultural products ; and, fourth, mis- 
cellaneous work. The investigation of adulterations has continued 
essentially in the same line as was pointed out in the annual report 
for 1886. 

. The chief object of investigation has been to determine the char- 
acter of adulteration practiced and the best methods of detecting it. 
The work of determining the extent of adulteration is more properly 
left to the State experiment stations and State municipal boards of 
health. The results of the investigations are published in Bulletin 
13 of the Chemical Division. In the last annual report abstracts of 
the first and second parts of this bulletin were given. They were 
devoted to dairy products and to spices and condiments. During 
the last year one additional part of Bulletin 13 has been issued on the 
subject of fermented drinks. In this bulletin the subjects of wines, 
beers, and ciders were considered. Two other parts of Bulletin 13 
are now in an advanced state of preparation, viz, baking powders 
and lards. 

The work on the investigation of the sugar-making qualities of sor- 
ghum and sugar-canes has been carried on at three different stations, 
viz, Rio Grande, N". J., Fort Scott, Kans., and Lawrence (Magnolia 
Plantation), La. The results of these investigations appear in Bul- 
letin 17, already published, and Bulletin 18, now almost ready for 
the press. Those results mark a successful close of a long series of 
investigations undertaken by the department, which have been car- 
ried on under many difficulties and discouragements. The character 
af the work which has been accomplished will fully appear in the 
abstracts which are to follow. 

The miscellaneous work of the department has been of a varied 
character, and it appears to me of little value. This miscellaneous 
work has consisted in analyses of samples of ores, mineral waters, 
soils, fertilizers, etc. It is true that quite a number of these investi- 
gations have proved of value in themselves, but they do not illustrate 
any line of methodical research, and thus fail to appear in their 
proper light. Abstracts of the more valuable work of this kind will 
follow. In regard to this miscellaneous work I desire to say that, 
with a limited force at our disposal and the meager laboratory facil- 
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ities whicli we have, it does not seem quite appropriate to ask of the 
division to undertake analyses which are purely for personal advan- 
tage or entirely disconnected with agriculture. I desire to plaiuly 
state that in my opinion the analyses of ores, mineral waters, and 
other substances which have no relation whatever to agi*ic?ultural 
research are not proper subjects for the employment of the chemists 
of this division. In the same category should be placed examina- 
tions of soils, fertilizers, food stuffs, and other agricultural products 
sent from States where agricultural colleges and experiment stations 
have been established. Under the Hatch bill each State has been 
provided with a fund by Congress for the purpose of carrying on 
just such investigations as I have mentioned. This fund is in excess 
of the total amount which is given annually for the support of the 
distinctively chemical Avork of this division. In order that the investi- 
gations which this division has undertaken in the interest of agri- 
cultural chemistry may not be interrupted by such extraneous work 
it Avould be Avell to prohibit, by a clause in the appropriation bill, 
any work in the chemical division which is purely of a personal 
nature or not related to agricultural science, or Avhicli could be more 
properly done by the chemists of the several State agricultural col- 
leges and experiment stations. This division would thus be relieved 
of the labor of examining minerals, ores, mineral Avaters, potable 
waters, and other substances of like nature. 

There is another reason which leads me to emphasize this state- 
ment. W e have in our country a large number of professional chem- 
ists who devote themselves to private work, and analyses of such 
samples as I have named naturally belong to this class of chemists. 
To have this work done by public officials, at public cost, is not only 
an abuse of official prerogative, but is a positive injury to a legiti- 
mate private business Avhich, at best, is poorly supported in the 
United States. There is no more reason A\diy the chemists employed 
by the United States to pursue investigations in agricultural science 
should determine the quantity of gold and silver in a given ore for a 
private citizen or a member of Congress than there Avould be for a 
law clerk of one of the Departments of the Government to devote his 
time and labor to private practice. This practice of doing xjriA^ate 
work at public expense it seems to me is of the same nature as that 
of doing priA^ate AVork during office hours and receiving compensa- 
tion therefor from the individual for Avhom the Avork is done. Since 
I have been in charge of this division I have constantly refused all 
applications which have been made to have me or my assistants en- 
gage in private work of any kind for compensation during the hours 
devoted to official business. I would even go further than this and 
require, if possible, that chemists engaged in official work for the 
Government of the United States should not be allowed to engage in 
pi*T vuite work even out of official hours. The duties of a chemist en- 
gaged in official work are sufficiently onerous to require all his time 
and energy, and whatsoever is given to work of a private nature is 
so much taken from what he owes to the public. In short, in my 
opinion, the line of demarkation between official and private busi- 
ness should be sharply drawn and should never be transgressed. The 
compensation received by a public analyst or an official chemist 
should be large enough and his tenure of office sufficiently certain 
to enable him to devote all his time to the public service without 
being troubled with anxieties for the future. 
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Since the establishment of agricultural stations in the various 
States it may be asked^ what is the peculiar function of the Chem- 
ical Division of the Department of Agriculture? Is this division 
only one of the many la^boratories established in the several States 
under the Hatch bilp or lias it a work peculiarly its own ? 1 should 

answer the last question in the affirmative. The work of this divis- 
ion seems to me to be best illustrated by that line of investiga- 
tion in the work which has been published on food adulteration, and 
thr oiigh oxx^erimental studies of different methods of analysis and 
investigations of a more abstract nature intimately connected with 
the problems of practical agriculture. The study of great problems 
affecting large industries, like those which have been made in the 
sugar industry, and the examination of questions affecting proposed 
legislation on agricultural subjects for the benefit of the agricultural 
committees of the Senate and the House of Representatives are some 
further examples of the distinctions of the woHc of this division from 
that of the chemical laboratories of the various experiment stations. 
For a proper prosecution of work of this kind the Congress of the 
United States should supply a first-class laboratory with first-class 
appointments. The chemical laboratory of the United States De- 
partment of Agriculture should be a model which the various experi- 
ment stations might copy instead of being what it is, perhaps the 
most poorly located and equipped of any chemical laboratory in the 
country. In a dingy basement, poorly lighted, not ventilated at all, 
the chemists of this division are compelled to work, in the winter 
straining their eyes in an all-day twilight, in summer sweltering in 
a tropical temperature. 

I would earnestly request that the bill Vvffiich is now before Con- 
gress for the buildii]g and equipment of a new laboratory be pressed 
to an early x^assage, so that this divnsion may be furnished with fa- 
cilities to continue more successfully the line of work which has 
been marked out. 


COMPOSITTOH OF AMERIOAH BEERS, WIHES, AHD 
CIDERS, AND THE SUBSTANCES USED IN THEIR ADUL- 
TEPt ATION, 


By 0. A. Grampton. 

MAHT LIQUORS. 

The x^roduction of malt liquors in this country as an industry is 
second only in imx^ortance to the production of breadstuff s. Their 
consumx^tion is steadily on the increase, as is also the amount con- 
sumed in ])rox3ortion to other kinds of alcoholic beverages. The fol- 
lowing tables are taken from recent statistics, compiled by the Bureau 
of Statistics, U. S. Treasury Department, from figures obtained from 
official sources : f 


of 


^Abstract of Part 3, Bnll. No. 13. 

f Statements Nos. 32 to 50, inclusive, of the Quarterly Report No. 2, series 1886-’S7, 
the Chief of the Bureau of Statistics. Government Printing OfiSj 0 e, 1887. 
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Tliis table shows admirably the rapid increase, especially in the 
last ten years, of the consumption of malt liquors, and the relative 
decrease in the consumption of the stronger alcoholic beverages. 
Thus it will be seen that in 1840 the amount of malt liquor consumed 
per capita was a little over one-half the amount of distilled liquor 
consumed; while in 1886 it was nine times as much. The amount 
of distilled liquor consumed per capita has diminished during the 
twenty-six years to one-half, while the amount of malt liquor con- 
sumed has increased very nearly seven times; or, in other words, the 
malt liquors have been driving out the distilled at the rate of about 
.05 gallons per capita each year, and supplanting it at the rate of 
about .38 gallons per capita. 

The average quantity consumed annually for the last three years 
was 609,705,367 gallons, of which 2,100,370 gallons were imported. 
Taking this as a basis, Mr. F. N. Barrett, in the publication above 
mentioned, estimates the amount expended for beer per annum at 
$304,852,683, placing the cost to the consumer at 50 cents per gallon. 
The cost to the consumer of the total quantity of liquors per annum 
he places at $700,000,000. 

It is hardly necessary, after the above showing, to dwell upon the 
importance of this article of daily consumption, or the necessity of 
a thorough acquaintance with its manufacture, composition, and the 
nature and extent of its adulterations. There is no beverage that 
compares with it in the amount consumed by the people except water, 
and possibly milk. But little supervision has been exercised over its 
manufacture and sale, except the rigorous enforcement by the Gov- 
ernment of its demands for a share in the profits of its manufacture. 


THE PROCESS OF BREW^ING. 


Brewing, or the art of preparing an alcoholic drink from starchy 
grains by fermentation, is of very ancient origin. It wa-s iDra^cticed 
by the Egyptians, and the Greeks and Romans learned the art from 
them. Herodotus speaks of the Egyptians making wine from corn, 
and it was undoubtedly jjracticed by the Greeks in the fifth century 
before Christ, as the use of malt beverages is mentioned in the writ- 
ings of ^schylus and Sophocles, poets of that period. It is also 
mentioned by Xenophon, 400 B. C. The Romans are also supposed 
to have derived a knowledge of the art from the Egyptians, and 
Pliny and Tacitus both spea,k of its use among the Gauls and Ger- 
mans of Spain and France. 

It is supposed that the art was introduced into Britain by the Ro- 
mans and acquired from the natwes by the Saxons. According to 
Yerstigan, ‘^‘this excellent and healthsome liquor, beere, anciently 
called ale, as of the Danes it yet is, was of the Germans invented 
and brought into use.^’ Ale-houses are mentioned in the laws of 
Ina, king of Wessex, A. D. 680. Ale-booths were regulated by law 
A. D. 728. 


The art of producing an alcoholic drink from starchy seeds seems 
to have been nearly as extensively known and practiced among the 
various nations of the earth as the less complex operation of pre- 
paring a fermented liquor from the juice of fruits and plants con- 
taining sugar. Thus the Kafire races of South Africa are said to 
have prepared for many years a malt liquor from the seeds of the mil- 
let {Sorghum vulg are), going througii all the processes ol germinating 
the seed, extracting the malt, and fermenting the wort. In the north 
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of Africa another seed is used. The Chinese prepared the drink 
called sain-shee from rice. 

The process of- brewing consists of two distinct operations: the 
malting and the brewing proper. In fact the two operations are 
frequently separated, many small breweries buying their malt ready 
prepared. When kept dry it retains its qualities for an indefinite 
period and is handled as an article of commerce. 

MALTING, 

The object of this operation is the germination of the grain, and 
the consequent formation of the ferment diastase, which shall sub- 
sequently, under the proper conditions, perform its specific function 
of converting the starchy portions of the grain into saccharine or 
fermentable matter. Barley is the grain used almost exclusively for 
this purpose, its advantages having been recognized even by the 
Egyptians; they seem to be principally of a physical character, con- 
sisting of the firmness of the kernel, and the hard husk, which freely 
allows the entrance of water, but prevents the passage of starch or 
insoluble matter. 

The operations through which the grain is successively passed are 
called, technically, steeping, crushing, flooring, and kiln-drying. In 
the first it is spread out in large vats, covered with water, and allov/^ed 
to steep several days. When it has become softened, the water is 
run off and the swollen grain is subjected to a slight degree of heat, 
which causes it to germinate. This is the second operation. The 
operation of flooring has for its end the regulation of the germina- 
tion of the grain, and the time when it has progressed sufficiently is 
judged by the length which has been attained by the acrospire or 
plumule. This is variously given as from two-thirds to seven-eighths 
the length of the grain. The sprouted grain is now spread out in the 
malt kilns and heat applied, while a current of air circulates about 
it. After the moisture is driven off, which is done at a low tempera- 
ture, about F., the heat is raised, and finished at from 125° to 180° 
F. , according to the grade of malt required, the difference between 
pale, amber, and brown malt being due simply to the temperature 
at which they are kiln-dried. This last operation serves not only to 
drive off the moisture, but also stops germination by destroying the 
vitality of the germ, and fits it for keeping. It also probably de- 
velops the flavor by the formation of a minute quantity of einpyreu- 
matic oil in the husk. 

The rootlets and germs are removed in this process by the turning 
and stirring of the grain. The water which is used in the process of 
steeping the grain is an important factor in the production of good 
malt, and the preference of brewers for hard lime waters for this 
purjjose has been shown by recent experiment to be rational, for 
it is found that when barley is steeped with distilled water, a very 
putrescible liquor is obtained charged with albuminous matter, while 
if a iiard water is used, these matters remain in an insoluble condi- 
tion in the grain. 

BREWING. 

Brewing proper includes a number of distinct operations, such as 
grinding and mashing the malt, boiling and cooling the wort or infu- 
sion, fermenting it, and clearing and racking the beer. In the pro- 
cess of mashing takes place the conversion of tlie starch into ferment- 
able sugar, mainly maltose, by the action of the diastase. Two 
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methods are used for extracting the soluble matter from the malt, 
called infusion and decoction , respectively; the former is the method 
• most in use in England, the latter in Germany and Prance. The 
wort prepared by iiifusioii contains less dextrin and more albuminoid 
matter than that prepared by decoction; the beers from the former 
are stronger in alcohol, but not so good in keeping qualities. 

A good wort should give no blue color with iodine, showing the 
complete conversion of all the starch, and should contain a large per- 
centage of maltose, which should constitute about 70 per cent, of the 
extract. 

After the mashing process comes the boilmg of the wort, which is 
begun as soon as it is drawn off from the exhausted malt and contin- 
ued for one to two hours. This prevents the formation of acid, and 
serves to extract the hops, which are added at this stage of the jjro- 
cess. The boiling of the wort with hops serves not only to impart 
to it the desired hop flavor, but also to partially clarify it by precipi- 
tating some albuminous matter by means of the tannin in the hops, 
and to enhance its keeping qualities. To this end larger quantities 
of hops are used for beers intended for exportation or long keeping. 

The wort is now ready to be submitted to the most important oper- 
ation of all — fermentation — which calls for very careful supervision 
on the part of the brewer. 


FERMENT ATIOI^. 

After the wort has been boiled with hops it is cooled as rapidly as 
possible, to prevent the formation of acid, usually effected by means 
of artificial ref rigerating apparatus ; it is then ready for the addition 
of the yeast. 

There are tAvo distinct methods of fermentation in use, called by 
the Germans Ober- und Untergdhrung ^ and by the French fermen^a- 
tio7i haute (top fermentation) and hasse (bottom fermentation). The 
former is carried on at a coraparatiAmly high temperature, the action 
is rapid, and the yeast wdth the impurities is carried to the surface of 
the liquid ; in the latter method the temperature is kept low, the fer- 
mentation goes on slowly, and the yeast and ijnpurities sink to 
the bottom. The second method is often called the Bavarian method,^ 
as it seems to have originated there, and is used exclusively in that 
country. It is generally preferred in Germany and France, w^hile in 
England and this country the upward clearing method appears to be 
more in vogue. 

The nature of the fermentation depends greatly upon the character 
of the yeast used, for Pasteur’s experiments ha\^e shown that yeast 
from upward-fermented beer tends to produce the upward fermenta- 
tion, Avhile yeast from bottom-fermented beer produces the bottom 
fermentation. The purity of the yeast used is of the very first impor- 
tance in the production of good beer. 

CLARIFYING, STORING, AND PRESERVING. 

The treatment of malt liquor after the process of fermentation is 
complete is very diverse, according to the kind of liquors it is in- 
tended to produce, the length of time it is to be kept, etc. The prob- 
lem of clarifying and preserving the beer is verv simple of solution 
if it has been properly and carefully brewed, lor then it is easily 
cleared and keeps well; but where the reverse is the case it is neces- 
sary to make use of various clarifying and preserving agents, and 
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liere comes in the delicate question of the proper agents to use, which 
will perform this duty and still introduce no objectionable constit- 
uents into the drink. 

The discussion of this question comes properly under the head of 
adulterations, and will be considered later on. As clarifying agents 
may be mentioned gelatine, tannin, Iceland moss, and flaxseed, and 
as mineral coagulating agents phosphate of lime and alum. 

Formerly beer was stored in casks or vats in cool cellars for a long 
. period, to allow it to age or ripen, especially in Germany, whence 
came the name of ‘Gager beer; but the aim of the brewer at the 
present day is to produce an article fit for the market in as short a 
time as possible and thus turn his capital often and keep step with 
the rapid pace of modern business industry, so that the name of lager 
beer is rather a misnomer. 

COMPOSITION OF MALT LIQUORS. 

The composition of malt liquor varies greatly according to the 
materials used, the method of brewing, the season, and the use for 
which it is intended. 

,Malt liquors, properly so called, should be made only of malted 
barley, hops^ yeast, and w^ater, but the use of other materials as sub- 
stitutes for the first three ingredients has extended so greatly in coun- 
tries where their use is not prohibited that it is difficult to define what 
a beer really is. 

Modern beer has been defined as a “fermented saccharine infusion 
to which some wholesome bitter has been added. 

Its chemical composition is very complex, the principal constituents 
being alcohol, various sugars and carbohydrates, nitrogenous mat- 
ter, carbonic, acetic, succinic, lactic, malic, and tannic acids, bitter 
and resinous extractive matter from the hops, glycerine, and various 
mineral constituents, consisting mainly of phosphates of the alkalies 
and alkali earths. 

VARIETIES. 

The names given to different kinds of malt liquors relate to various 
attributes, as the country where they were produced, as English, 
German, Bavarian beer, etc. , or to the peculiarities in the method of 
brewing, etc. Thus, porter is simply a beer of high percentage, of 
alcohol, and made from malt dried at a somewhat high temperature, 
which gives its dark color; ale is a pale beer, likewise of high attenua- 
tion and made of pale malt, with more hop extract than porter. 
'Stout has less alcohol and more extract and still less hops than porter. 
These terms are used chiefly with reference to English malt liquors. 
The terms used for German beers, such as JErlanger, Muncliener, etc. , 
are for the most part names of places and are applied to beers made 
in imitation of the beers originally brewed in those cities. Export 
beer is beer that is specially prepared with a view to long-keeping 
qualities. 

COMPOSITION OF AMERICAN BEER. 

But very little work has been done on American beers; they seem 
to have shared with other dietary articles the general indifference of 
the American public to the composition of their food and drink. 

A very extensive series of analyses was made in the State of f^’ew 
York in 1885, under the authority of the State Board of Health, by 
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Dr. F. E. Englehardtjx and outside of this I have been able to find 
very few published analyses of American beers. 

Dr. Englehardt’s analyses were made upon a very large number of 
samples^ 476 in all, which were collected from all over the State, and 
were intended to furnish a good average representation of the beer 
retailed in the State. The samples included various kinds of malt 
liquor, porters, ales, and a weak beer sold under the name of weiss 
beer. Unfortunately no arrangement of the analyses was made with 
a view to showing the composition of various kinds, as the examina- 
tion was made principally with reference to the adulteration, so all 
varieties are tabulated together. The f ollov/ing averages I have had 
compiled from his table by the Statistical Division of this Depart- 
ment, only excepting a few samples which he has indicated as being 
imported: 

Average composition of American malt liquors, as shoivn by analyses made for New 
Yorlz State Board of Health by F, E. Englehardt, PJi. D. 


Kind. 

Specific 

gravity. 

Alcohol, 
by weight. 

Extract. 

Ash. 

Phosphoric 

acid. 

Lager, 172 samples 

Ale, 199 samples 

Porter, 70 samples 

Weiss, 38 samples 

1.016 

i.or; 

1.015 

1.006 

Per cent. 
3.754 
4. 622 
4. 4G8 
1.763 

Per cent. 
5. 8G4 
5. 423 
6. 003 
2. 35G 

Per cent. 
.259 
.307 
. 345 
.169 

Per cent. 

. 0964 
.0833 
.0943 
.0491 


The maximum and minimum content of alcohol, extract, and ash 
in the same samples is as follows: 


Kind. 

% 

Maximum. 

Minimum. 

Alcohol, 
by weight. 

Extract. 

Ash. 

Alcohol, 
by weight. 

Extract. 

Ash. 


Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Lager 

7. 061 

9.647 

.412 

.677 

3.655 

.172 

Ale 

8.994 

9.501 

.552 

2. 410 

2. 703 

.197 

Porter 

6. 695 

11.783 

.557 

1.671 

2.843 

.170 

Weiss 

3.179 

4. 143 

.468 

.755 

1.277 

.069 


These analyses show great lack of uniformity of composition in 
the different varieties of malt liquor, but it should be remembered 
that the samples were collected with a view to ascertaining the ex- 
tent of adulteration, and many samples were found to be sophisti- 
cated in one way or another. Especially in the • case of the content 
of ash the average of these samples does not give the average com- 
position of American beers, for many of these ashes were found to 
consist principally of salt. 

ANALYSES OF BEERS BY THE UNITED STATES DEPARTMENT OF AG- 
RICULTURE. 

The analyses made by this Department comprise 32 samples, this 
being about all the different brands and varieties of beers of domestic 
manufacture obtainable in W ashington. The investigation was made 
principally with a view to ascertain the extent and nature of their 
adulteration, if any, and especially the use of antiseptic and preserv- 


190 REPORT OF THE COMMISSIONER OF AGRICULTURE. 

ative agents. As a basis for determining adulteration, however, it 
is necessary to know the normal or average composition, so a fairly 
complete analysis of all samples examined has been made. The in- 
tention of the investigation was not so much to make a very exten- 
sive series of analyses as to establish definite methods of analysis for 
the guidance of analysts of State boards of health or similar bodies, 
whose province it is more especially to investigate the extent of adul- 
teration prevailing in their States by the examination of large num- 
bers of samples. 

SAMPLES. 

The malt liquors used as samples were all purchased in Washing- 
ton, D. C. , and included the various popular brands made in Milwau- 
kee, Cincinnati, Philadelphia, New York, etc. , which are sold all 
over the country, as well as the product of the few local brewers. 
Some w^ere obtained from wholesale dealers, but the majority were 
purchased in retail saloons and groceries, without statement of the 
purpose for which they were intended. All the draught beers were 
obtained in this way. 

A few English and German beers and ales were analyzed for com- 
parison. 



Analyses of malt liquors by United States Department of Agrievlture. 


1 

Designation. 

Manufacfered in — 

Serial number. 

Number of analy- 
sis. 

Speclflo gravity. 

L^___ — - 

Alcohol, by weight. 

Alcohol, by volume. 

Extract. 

Original gravity. 

4 

< 

Reducing sugar as 
maltose. 

Dextrin. 

! 

*6 1 
'd I 

o ! 

a i 
0 
< 

Freeaclds as lactic. 

Phosphoric acid. 

Carbonic acid. 

Remarks. 





n 

1 

Pr.cf. 

Pr.ct. 

Pr.ct. 


Pr.ct. 

Pr.ct. 

Pr.ct. 

Pr.ct. 

Pr.ct. 

Pr.ct. 

P:\ct. 


Lager beer, bottled 

Milwaukee , Wis 

4800 

1 

1.0100 

4.28 

5.39 

4.18 

1.05(» 

.196 

1.10 

1.57 

.341 

,057 

.065 

.411 


ExDort beer, bottled 

do 

4:801 

2 

1.0140 

4. 12 

5.55 

5 40 

1 0637 

.309 

1.06 

2. 63 


,057 

. 05(3 

.300 

Saiicylated. 

Lager beer, bottled 

Alexandria, Va 

4802 

3 

1.0171 

4. .55 

5.71 

5.71 

1.0607 

.355 

2.04 

2. 21 

.C81 

.074 

. 09J 

.489 

feaJicylated, 

Do 

Washington, D. C . . 

4803 

4 

1.0143 

4. 18 

5.24 

5.05 

1.0533 

.388 

1.25 

0. 98 

.669 

.059 

, 080 

.415 ! 


Do 

Cincinnati, Ohio . . . 

4m 

5 

1.0100 

5. 53 

6.94 

4. 55 

1.0628 

.240 

0. 94 

2. 25 

. 513 

.07'3 

. 082 

.328 1 


Export beer, bottled 

Saint Louis, Mo .... 

4805 

6 

1.0178 

4.40 

5. 47 

6.15 

1.0590 

.312 

2. 14 

2. 54 

. 4(33 

.067 

.074 

.471 

Salicylated. 

Lager beer, bottled 

Philadelphia, Pa . . . 

4806 

7 

1.0147 

4.29 

5. 39 

5.22 

1.0549 

.241 

1.46 

2.30 

. 5vJ8 

. 078 

.071 

.717 

Sftlicylated and soured. 

Do 

.... do 

4807 

8 

1. 0147 

4 35 

5 47 

5 09 

1 0549 

272 

1 37 

1.80 

738 

.080 

.104 

.219 1 


“ Budweiss beer, bottled 

do 

4808 

9 

1.0181 

4. 52 

5.63 

5.94 

1.0609 

.241 

2. 14 

2.57 


.086 

.078 

.324 


Laffer beer, draught 

Buffalo, N. Y 

4810 

10 

1.0241 

3.84 

4.78 

7 05 

1.0601 

990 

2.81 

3.09 

. 519 

,035 

.069 



Do 

Philadelphia, Pa 

4811 

11 

1.0132 

4. 36 

5 47 

4 63 

1.0539 

. 2()5 

1. 17 

1.82 

.636 

.046 

. 095 


Substitutes for hops used. 

Do 

Washin^on, D. C. . 

4812 

12 

1.0146 

4.29 

5.39 

5. 18 

1.0545 


1.22 

2. 21 

.669 

.044 

.086 


Do 

Cincinnati, Ohio 

4813 

13 

1.0169 

4.63 

5.78 

5 86 

1.0607 

.235 

2.37 

2.29 

.450 

.074 

.085 



Do 

Alexandria, Va . . . 

4814 

14 

1.0137 

4.71 

5,88 

4.91 

1.05S5 

.263 

1.10 

2.40 

.619 

.008 

.089 


Bicarbonate of soda used. 

Do 

Washington, D C 

4815 

15 

1.0140 

4.30 

5.39 

4.83 

1,0533 

.262 

1.49 

1.45 

.681 

.071 

.087 


Sulphite used. 

Do 

.... do 

4816 

16 

1.0181 

3.86 

4.85 

5.62 


.312 

1.52 

2.59 

.619 

.000 

. 083 


Bicarbonateof soda auded 

Pale lager beer, bottled 

Saint Louis, Mo .... 

4817 

17 

1.0178 

4.28 

5.39 

4.64 

1.0527 

.183 

2.17 

i 0 

.463 

.067 

.064 

.629 

Salicylated. 

“ Erlanger ” beer, bottled 

.... do 

4818 

18 

1. 0203 

4. 68 

5. 86 

6. 82 

1.0650 

.212 

2.51 

2.58 

.675 

.046 

.093 

.a44 


Ale, bottled 

Philadelphia, Pa 

4810 

19 

1.0059 

6.24 

7.74 

3 46 

1.0647 

.401 

0. 59 

0. 90 

.531 

.232 

.085 



Bass pale ale, bottled 

Elngland 

4820 

20 

1.0095 

5. 66 

7.09 

4.42 

1.0633 

.309 

0.49 

2.20 

.500 

.117 

.056 

.503 


English i>orter, bott led 

. . . .do 

4821 

21 

1.0147 

6. 13 

i ?.GG 

5.90 

1.0728 

.371 

0.57 

2.76 

.763 

.151 

.049 

.397 


Lager beer, bottled 

Boston, IvLass 

4822 

22 

1.0077 

5.30 

6. 63 

3.94 

1.0587 

.328 

1.06 

1.03 

.556 

.107 

.065 



“ Kaiser ” beer, bottled 

Bremen 

4823 

23 

1.0036 

5.38 

6.71 

3.05 

1.0543 

.162 

0. 69 

1.36 

.263 

.089 

.045 


Sahcylated. 

“ Verzandt ’’ beer, bottled 

Bavaria 

i 4824 

24 

1.0197 

3.86 

4.85 

6.24 

1.0553 

.190 

1.71 

3. 32 

.419 

.085 

.(m 


Export beer, bottled 

Milwaukee, Wis . . 

4825 

25 

1.0150 

4.59 

5. 71 

5.38 

1.0581 

.194 

1.87 

' 2.46 

,425 

.071 

. 059 


Salicylated. 

Ale, draught 

Philadelphia, Pa . . . 

4826 

26 

1. 0171 

5.25 

6.55 

6.02 

1.0669 

. 331 

* 1.49 

2.80 

.569 

.094 

.057 

j 

Ale, bottled 

Reading. Pa 

4827' 

27 

1. 0125 

6.92 

8.63 

5. 55 

1.0781 

.472 

i 0.93 

: 1.99 

.731 

.382 

.077 

.441 


Porter, bottled 

.... do 

4828 

28 

1.0209 

4.89 

6. 10 

8.19 

1.0736 

.412 

2. 67 

2. 88 

.763 

.106 

1 .100 

! .592 


“ Select ” beer, bottled 

Milwaukee, Vv^is 

4842 

29 

1.0183 

4.22 

5.32 

5.88 

1 1.0570 

.193 

1.8S 

2.82 

.419 

.061 

.059 



Export beer, bottled 

.... do 

4843 

30 

1.0183 

4.22 

5. 32 

5.84 

1 1.0567 

.223 

1.75 

3.12 

.413 

. 053 

.058 

.242 


“ Bohemian ” beer, bottled 

... do 

4844 

31 

1. 0183 

4. 16 

5. ‘24 

5. 88 

1 1.0563 

.234 

1 1.82 

3.04 

.406 

.071 

.05V 



“ Bavarian ” beer, bottled 

do 

4845 

32 

1.0187 

5.06 

6.32 

0. 26 

i- 

1 1.0660 

! .3-16 

i 

: 1.75 

2. 87 

. 556 

.074 

.077 

. 265 


Average '-tToplesV* .... 

- 



1.0161 

' 4. 03 

1 5.79 

5.53 

1.0597 

■; 

j 

. fW • iJ 

j 1. 65 

2.33 

1 

.563 

.082 

1 

1 . V>i < 

.398 



* In the averag’e.s Uie hve siuiiijles of foreign be^r were omitted. 
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DETECTION OF ADULTERATION. 

Probably there is no one article of daily consumption that has been 
so often subject to suspicion of adulteration or sophistication as beer. 
Its complex composition and peculiar nature have deceived people 
into making all sorts of charges against its purity, but experience has 
failed to establish the truth of by far the greater majority of these 
charges, and the facts of many published analyses show that it is as 
free from adulteration as most other articles of consumption, and 
more so than some. Here comes in the question, so difficult to an- 
swer in this country, of what constitutes adulteration or sophistica- 
tion of an article of food. The definition of what shall constitute a 
pure malt liquor is hard to settle. Even in Europe, where a much 
stricter supervision is kept over food-stuffs than here, the definition 
varies widely. In Bavaria, where more beer per capita is consumed 
than in any other country, the laws limit the materials from which 
it is made to barley, malt, hops, yeast, and water, while in England 
the comprehensive definition has been given to beer as being ‘^a fer- 
mented saccharine infusion to which a wholesome bitter has been 
added.” 


SUBSTITUTES FOR MALT. 

A great deal has been said, pro and con, on the subject of the pro- 
priety of the use of other matter than malted barley as a source of 
saccharine material for brewing purposes. There may be said to be 
three ways of substituting saccharine material. First, other grain 
may be used for malting; second, unmalted starchy matter, that is, 
whole grain, may be added to the malt before it is mashed, the latter 
being diluted, as it were, for the diastase in the malt has converting 
power sufficient for considerably more starch than is contained in 
itself; third, the saccharine matter may be supplied already con- 
verted, as in commercial starch sugar, or glucose, cane sugar, in- 
verted cane sugar, etc. Of these different substitutes the third class 
is probably the more objectionable, as beer brewed from such sac- 
charine matter is lacking in various constituents derived from the 
grain, which are important additions to its nutritive power, namely, 
the phosphatic salts and the nitrogenous bodies. 

In much the same way would bread made from starch alone be 
lacking in nutritive value. 

SUBSTITUTES FOR HOPS. 

The nature of the bitters used in beer has long been the target to- 
wards which public suspicion is directed, and nearly every substance 
known possessing a bitter taste has been enumerated among the adul- 
terations of beer, from poisonous alkaloids, such as strychnine and 
picrotoxine, to harmless or quasi-harmless bitter roots and woods, such 
as quassia, gentian, etc. Complete and exhaustive schemes of anal- 
ysis have been compiled, such as Dragendorff’s, EndeFs, etc., for 
the detection and isolation of such foreign bitters. Either these 
methods of investigation are faulty or difficult of manipulation, or 
the use of foreign bitters is very much less prevalent than is gen- 
erally supposed, for the cases where such bitters have been detected 
and isolated are very scarce in chemical literature. In fact, Eisner, 
a German authority on food adulterations, goes so far as to say that 
there has never been a case where the existence of a foreign bitter in 
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a malt liquor has been proven with certainty. This is going too far, 
of course, for picrotoxine and picric acid have undoubtedly been found 
in beers, and probably more cases of such adulteration would occasion- 
ally have been discovered were it not for the difficulty of the analysis 
and the small quantity of matter required for imparting a bitter taste. 
But there is probably much less of this hop substitution than the 
space given it in works on the subject would indicate. Hops not 
only give the bitterness to beer, but also impart to it its peculiar 
aroma and enhance its keeping qualities, and, unless it were at a 
time when they were very dear, it would hardly pay the brewer to 
sacrifice the good flavor and keeping qualities of his beer in order to 
save a few cents a pound in his bitters. 

All the samples analyzed were found to be free ^rom foreign bit- 
ters, with one exception, hTo. 4811, which contained a bitter other 
than hops, though not in sufficient quantity to admit of its separa- 
tion and identification. All the samples except ISTos. 4801, 4811, and 
4815 gave a plainly perceptible odor of hops in the distillate. 

PRESERVING AGENTS. 

We come now to what I consider the most important Sophistica- 
tion of beer at the present day and the most reprehensible and most 
deserving of repressive legislation. The use of artificial preserving 
agents not only introduces foreign matters into the beer which are 
more or less injurious, according to the nature of the material used, 
but also serves to cover up and hide the results of unskillful brewing 
or unfit materials; giving to the public for consumption a liquol* 
that, if left to itself under natural conditions, would have become 
offensive to the senses and putrid with corruption long before it was 
offered for sale. 

The only means of preservation allowed by the authorities in Ger- 
many and France is the process called, from the name of its author, 

^ ^ Pasteurization. This process is entirely rational and commendable, 
as it conduces to the preservation of the beer by destroying the germs 
of unhealthy ferments, not by simply paralyzing their activity as an- 
tiseptics do, and moreover it introduces no foreign constituents into 
the beer. Liquid carbonic acid is also coming into use in some of 
the larger Continental breweries. 

Other preservative agents extensively employed at the present day 
are salicylic acid, bisulphite of lime, and boracic acid; 

SALICYLIC ACID. 

Salicylic acid (C,H, 03 ) was first prepared by Piria and Ettling by 
oxidizing salicyl aldehyd, which had previously been obtained from 
various vegetable sources. It was afterwards obtained from oil of 
wintergreen, which is nearly pure methyl salicylate, a constituent 
also of many other essential oils. Its artificial production from 
phenol (carbolic acid) was discovered by Kolbe and Lautermann in 
18G0 but was not put into practical use until 1874, when Professor 
Kolbe succeeded in producing it at a moderate cost. It is now pre- 

E ared almost exclusively ip this way, the cheapness of the method 
aving driven out of the market that which is prepared from oil of 
wintergreen. 

In medicine, besides its use externally as an antiseptic, it is admin- 
istered very extensively internally, its chief application being as a 

AG 87 13 
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remedy for acute rlieumatic fever. Its physiological action is given 
as follovcs in the United Stgtes Dispensatory, fifteenth edition, 

101 : 


When salicylic acid is given to man in doses just sufficient to manifest its pres- 
ence, symptoms closely resembling those of cinchonism result. These are fullness 
of the head, with roaring and buzzing in tlie ears. After larger doses, to these symp- 
toms are added distress in the head or positive headache, disturbances of hearing 
and vision (deafness, amblyo]>ia, partial blindness), and excessive sweating. Accord- 
ing to Reiss 1875, p. 074) decided fall of temperature, 

without alteration of the pulse, also occurs; but this is <Jsni:ied by other observers. 
The actions upon the system of the acid and of its sodium salts (also ammonium salt, 
Martenson, Petersb. Mecl. Zeitschriff, 1875, p. 243) appear tr^ be identical, and, as 
several cases of poisoning with one or other of tliese agents have occurred, we are 
able to trace the toxic manifestations. Along with an intensillcation of the symp- 
toms already mentioned there are ptosis, deafness, strabismus, mydriasis, disturbance 
of respiration, excessive restlessness passing into delirium, slov/ laboring pulse, olive- 
green urine, and involuntary evacuations. In some cases tlie temperature has re- 
mained about normal, but in others has approached that of collapse. The respira- 
tion seems to be characteristic, it being both quickened and deepened, often sigliing. 
Sweating is usually very free, and the urine early becomes albuminous. Various 
local evidences of vaso-motor weakness may supervene, such as rapidly-appearing 
bed-sores at points subjected to pressure, and transitory dark-colored macnlce on 
various parts of the body. In several cases death was probably produced by the 
acid, although there is scarcely one instance which is beyond doubt. In certain 
cases the mental disturbance has been strangely prolonged, lasting for eight days. 
In some instances it is cheerful, in others melancholic in typf?. It is stated that upon 
drmnkards the acid acts very unfavorably, violent delirium being an early symptom 
of its influence. 

By the same authority the dose of salicylic acid to be emxjloyed in 
cases of acute rheumatism is given as one drain (3.9 grams) in twenty- 
four hours. It is excreted chiehy hy the kidneys and may he de- 
tected in the urine very soon after its ingestion. Authorities in 
therapeutics warn practitioners of medicine against its administra- 
tion to patients whose kidneys are knovm to he diseased, and of late 
years the opinion has been growing among physicians that it has a 
very irritating action upon these organs, many preferring the alkaline 
treatment of rheumatic fever on this account. 


USE AS A PRESERVATIVE. 


The “'salicylic-acid question,” as it is called, has received a great 
deal of attention for several years in Europe, and nmeh has been 
written, pro and con, on the question of the propriety of its use as a 
preserving agent in articles of food and drink. In France its use as 
a preservative in any form of food or drink was forbidden by minis- 
terial decree on the 7th of Eehrnary, 1881. 71his decree was based 
upon a decision of the consnlting committee of hygiene that its con- 
stant use was dangerous to health. 

In Germany its use is |)rohihited, except in beers intended for ex- 
port to other countries wdiere its use is allowed. 

Its prohibition in France called forth a great deal of opposition, 
and experiments were made and published vrhich were intended to 
show tiiat its constant use in small doses exerted no injurious in- 
fluence upon the system. Kolhe himself made experiments upon 
himself and his assistants by taking dose^ of .5 to 1.0 gram daily lor 

* In the ca>se recorded in the Virginia Medical Monthly, June, 1877, forty-eiglit 
grains of the acid were taken in four liours. The symptoms were violent vomiting, 
headache, total unconsciousness, with stertorous breathing. Death (XXuuTed forty 
hours after the first dose. 
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several days, and found no appreciable ill effects to follow its use.* 
Whether such experiments suffice to prove its harnilessness when 
used for many years and without regard to age, sex, or personal 
idiosyncrasy is still an open question. A most interesting and ex- 
haustive discussion of the reasons for and against its use can be 
found in the report of the fourth meeting of the Indej^endent Union 
of the Bavarian Representatives of Applied Chemistry, at hTurnberg, 
7th and 8th August, 1885, when this body refused, with but one 
dissenting voice, to grant its sanction to the projiosed use of salicylic 
acid in beer in the quantity of .05 grams to the liter. Certainly no 
one would deny the advisability of at least restricting the amount 
to be used of so powerful an agi^nt. In an article of daily consump- 
tion, and in consideration of the prevalence of kidney disease J at the 
present day, it is a matter worthy of grave consideration whether 
it would not be more prudent to forbid its use altogether, At all 
events, beer in which it is used should be sold under its proper desig- 
nation as ‘ ^ salicylated beer.’’ It would certainly be of interest to 
the physician who prescribes beer as a tonic to a weak convalescent 
inv^id to know if he Avere giving at the same time not inconsider- 
able doses of a strong therapeutic agent, expressly contra-indicated, 
perhaps, in the case he has on hand. 

SALICYLIC ACID IN SAMPLES EXAMINED BY THIS DIVISION. 

Out of thirty-two samples analyzed b^^ this diAusion I found seven 
to contain salicylic acid in sufficient quantities to admit of qualitative 
proof, or nearly one-fourth of the entire number analyzed. The 
serial numbers of these beers corresponding to those in the large 
table on page 191 are as folloAVs: 4801-3-5-6-17-23-25. These Arere 
all bottled beers, one being an imported (Kaiser) beire Rone was 
found in any of the draught beers. Of the nineteen samples of Amer- 
ican bottled beers, six contained salicylic acid, or nearly one-third. 
These included the product of some of the largest breAveries in the 
country, beers that are used to a very large extent all over the United 
States. Whether the acid is added in tlie breweries where the beer 
is made, or whether it is used by the local bottlers, I am unable to 
decide. In one case I found it in the beer sold here under the brand 
of a large Western brewery, and sent direct to the same brewery for 
another sample, which gave no test for the acid. Unfortunately I 
can not be sure in this case that the firm in question did not know 
the purpose for Avhich the sample was intended. 


SULPHITES. 


The use of sulphurous acid as a preservative agent in beer and 
wine, either in the form of soluble sulphites, liquid sulphite of lime, 
or sulphur fumes, is not at all recent. It is one of the oldest preserv- 
atives knoAvn. Together Avith other chemical preserAutivies its use is 
forbidden in France, and the German authorities include it Avith 
borax as an agent whose physiological effect is still too little known 
to allow of its indiscriminate use. It is also sometimes introduced 


into beers by the hops, which are very generally preserved by means 
of sulphur fumes. The Bavarian authorities alloAV its use in sulphur- 

■ — — Ik 

*Jour. prak. Chem. 13, 106. Reference may be made to similar experiments, as 
follows: J. A. Barral, Jour, de 1’ Agriculture, 1882. 09. M. Bias, Bull, de I’Acad. 
Royale de Med. de Belgique. Bd. 12, No. 0. 

f Published by Drs. A. Hilger and R. Kayser, Berlin, 1880. 

tThe most common form is popularly known as “ Briglit’s disease,” 
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ing barrels and hops. Of course the quantities brought into the beer 
in this way are very small. 

Of the samples examined by the Department, Nos. 480 4-6-10-1 
and 14 gave slight tests for the presence of sulphurous acid, but only 
one (No. 4815) gave sufficient evidence to justify the assertion that a 
sulphite had been added to it. I have not been able to find any re- 
corded instance of sulphurous acid being found in American beers. 


BORAX. 

This agent, although used very extensively in preserving meats, 
vegetables, and canned goods, does not seem to have been applied to 
m^t liquors to any great extent, although it has been found in wines. 
Its use is prohibited in France and Grermaiiy. None of the samples 
examined gave any test for borax. 

In conclusion of the work on preservatives, it may be noted that 
it was done during the cold weather of January, February, and 
March. It is quite probable that during warm weather the use of 
preservative agents is still more general than shown by the analyses. 

MINERAL ADDITIONS. 

The presence of lead, copper, or zinc, sometimes observed in malt 
liquors, is due usually to the use of brass faucets or lead pipes by the 
retailer in drawing off the liquor or in filling bottles. The amount 
of these metals taken up by acid liquors in this way is quite small 
usually, but may be considerable if they are long left in contact with 
the metallic surface. Thus the first glass drawn from a faucet in the 
morning is apt to contain considerable copper and zinc in solution. 
In Paris the apparatus used for drawing beer is subject to super- 
vision, and a frequent cleansing and proper kind of material is in- 
sisted on. The Brooklyn Department of Health issued an order in 
1886 prohibiting the use of unprotected brass faucets in drawing 
beer, but its enforcement has not been insisted on. * Analyses made 
for the board by Otto Grothe of ales drawn through pumps showed 
small quantities of copper, zinc, and lead in every case, f 

Alum is sometimes used as a clarifying agent in the brewing of 
beer. 

BICARBONATE OF SODA. 

This salt is added to beer for the purpose either of correcting an 
undue acidity of the beer, resulting from improper brewing, or of 
imparting to it an increased "'head” or content of carbonic acid gas, 
or for both purposes. The salt is decomposed by the free acid of the 
beer and the gas liberated, lactate and acetate of soda being left dis- 
solved in the beer. This seems to be purely an American practice; 
at least I have failed to find any mention of it in European authori- 
ties. Some of them mention the use of marble dust or magnesia for 
the correction of acidity, but very little consideration is given to the 
subject. In this country, however, it seems to be very wide-spread. 

^ It may be necessary to explain to a non-scientific reader that the 
bicarbonate does not remain in the beer as bicarbonate, unless there 
is an amount added in excess of the quantity of free acid present in 
the beer. This free acid (mostly acetic? in soured beers, but due 
chiefly to acid phosphates in normal beers) combines with the bicar- 

* Annual Report Dept. Health, City of Brooklyn, 1886, p. 87; and 1887,, p. 63. 

t Ibid. 
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bonate, setting free carbonic acid, and forming acetate of soda knd 
basic phosphate, which remain in solution. The reaction is, very 
similar to that which takes place in using baking powders for cook- 
ing purposes, except that in the latter case tartrate of soda and pot- 
ash (Rochelle salts) is left instead of acetate and phosphate of soda. 
Where bitartrate of potash is added to the beer along with the soda 
the reaction is precisely the same. In these days qf the almost uni-^ 
versal consumption of baking powders there is doubtless enough 
alkaline salts thrown into a man’s stomach with his food without 

E umping them in with his drinks as well. At all events there can be 
ut little question of the propriety of prohibiting the use of bicar- 
bonate of soda in beer. It is entirely unnecessary and foreign to the 
production or preservation of pure beer. Moreover, its use serves to 
cover up and hide the effects of poor brewing and improper storing 
or refrigerating, and should be prohibited from this cause alone if 
there were no other. 

Of the samples examined here, Nos. 4814 and 4816 were found to 
have suffered an addition of bicarbonate of soda. 


SALT. 


A variable quantity of chloride of sodium is a normal constituent 
of all beers, being derived principally from the water used in the 
brewing. Even a slight further addition of salt might be deemed 
admissible to properly season ’’ the beer to the taste, just as bread- 
stuffs are treated. Many brewers, however, are in the habit of add- 
ing a large quantity, either for the purpose of covering up some 
objectionable taste or of increasing the thirst of the consumer. The 
English, Government places the limit of chloride of soda which might 
come from the normal constituents at 50 grains to the gallon, or about 
.086 per cent., and treats any excess of that amount as evidence of 
an improper addition. This standard is undoubtedly a very generous 
one. Dr. Englehardt found quite a large number of the samples ex- 
amined by him to overstep the limit of 50 grains to the gallon, one 
sample containing as high as .338 per cent. Of the samples examined 
here none were beyond it. 


CLOUDY BEER. 

Cloudiness in beer is sometimes due to the separating out of albu- 
minous matter from changes in temperature, but usually to the 
presence of yeast, the fermentation not having been complete. This 
condition of things is best detected by means of the microscope, which 
shows the presence of quantities of yeast cells, and, in case other 
fermentations have set in, of their characteristic bacteria. “Yeast- 
cloudy ” (Jiefetrubes) beer is considered unhealthy in Germany, and 
it is considered one of the qualifications of a good beer that, it shall 
be absolutely bright and clear. An extensive investigation of the un- 
heal thfulness of yeast-cloudy beer, has been lately made by Dr. N. P. 
Sitnonowsky* in Pettenkofer’s laboratory, who found that such beer 
had a disturbing effect in both natural and artificial digestion, pro- 
ducing in persons using it obstinate catarrh of the stomach, which 
persisted for some time. Both Simonowsky and Pettenkofer conclude 
that the sale of yeast-cloudy beer should be prohibited. 

*Zeit. fur das gesammte Brauwesen?, 9 Jahrg. 1886, Nos. 7, 8, 9; abstract Bied. 
Cent., 1887, p. 70. 
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Tlie Bavarian chemists, at their last meeting at Wiirzhnrg, in 
August, 1886, adopted the following resolution in relation to yeast- 

cloudy beer: . 

/ 

Beers which are incompletely ferrnented for use must be entirely free from yeast ; 
that is, must not contain yeast in a cloudy suspension. 


WINES. 

The statistics in regard to the consumption and production of wines 
can be observed by referring to the table given under malt liquors 
(page 186), where it will be seen that in the year 1886, 22,067,220 gal- 
lons were consumed, of which 17,366,393 gallons were produced in 
this country. The consumption per capita has not increased very 
greatly during the forty-six years since 1810, but the total amount 
consumed has increased very greatly, it being less than 5,000,000 
gallons in 1810. It will be noticed also that the amount produced in 
'this country in proportion to the amount imported has increased to a 
remarkable degree. In 1810 there was about thirty-eight times as 
much wine imported as was produced in this country ; in 1886 the 
amount of domestic wine consumed was nearly four times as grfeat as 
the amount of wine imported. This does not fully represent the pro- 
duction, however, for it does not include the exports, which have in- 
creased very greatly of late years, as I am reliably informed, although 
I have no accurate data upon this point. The largely increased do- 
mestic production is principally due to the development of the in- 
dustry in California. 

The following table sliows the relative rank of this country among 
the wine-producing countries of the world ; it is taken from the same 
source as the preceding statistics : 


WINE PEODUCTION OF THE WORLD. 

Average product ion of ivine in the prmcipal wme-growing countr ies of the world. 


[Estimate by M. Tiss 


erand in 1884, talien from ‘‘ Journal of the Statistical Societj^ 




London, 1885.] 


Countries. 


Production. 


Countries. 


France 

Alf2;eria 

Italy 

Spain 

Austria-Hung aiy 

Portugal 

Gtermany 

Russia 

Cyprus 

Switzerland 


Production. 


Imperial gallons. 

. I 705, 175, 972 

. ! 722, 000, 000 

. ! 005, 000, 000 

'^ 184 , 000, 000 ! 

187,000.000 1 

88. 000, OOO 
8L290,(X)0 
77. OOO; 000 

35. 200, 000 
28. 600, 000 


Greece 

United States 

Turkey 

Cape of Good Hope 

Roumania 

Servia 

Australia 

Total 


Imperial gallons. 

28, 600, 000 

18, 000, 000 
22, 000, 000 

15,400,000 

15,400,000 
11 , 000,000 
1,933,800 


2, 485, 599, 772 


PREPARATION OF WINE. 

The growing of grapes for wine and the proper treatment of the 
juice for its conversion into wine have formed the subject of numer- 
ous treatises, that branch of technology having received a great deal 
of attention and study in countries where it is carried on. Only a 
short sketch of the leading features of the process can be given here, 
necessary to a proper understanding of the product itself. 
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Wine is properly the pnre fermented jnice of grapes; its cona^posi- 
tion is very variable, and the differences in the varieties of grapes 
nsed admit of almost endless modifications of the product obtained 
from them. Moreover, many other conditions afiect more or less the 
composition of wine, as the nature of the soil, the climate, , the method 
of cultivation pursued, the weather during the particular season when 
the grapes were ripened, etc. Thus the same variety of grapes, when 
gro^vn under different conditions of soil, climate, etc. , produces dif- 
ferent wines, and even in the same country the same variety of grape 
produces wines varying considerably in different seasons. 

The most important constituent in the grape is its sugar, from 
which the alcohol is formed, so as a general rule the grapes are al- 
lowed to become fully ripened before they are removed from the vine. 
The first step is the production of the must. To this end the grapes 
are first bruised and crushed, either by the aid of machinery or by 
the more primitive but very effective method of trampling them by 
the feet of men. In some cases, and for very fine wine, the woody 
stems are removed from the crushed gr^es {derdpage). In other 
cases, especially in white wines, they are left, their contents of tannin 
making them a desirable addition to the grapes. To obtain the juice 
the grapes are subjected to pressure. The amount obtained varies 
with the means employed, the kind of grape, etc. , but may be stated 
at about 60 to 70 x>er cent, of the weight of the grajjes. For red wines 
the jui ce is allowed to stand in contact with the skins a variable length 
of time lintil it has accjuired from them the desired depth of color, 
and in this case the fermentation commences before the juice is ex- 
pressed. All musts contain pretty much the same proximate princi- 
ples, their differences being due solely to the relative proportions of 
the different constituents. Briefly stated, these constituents are as 
f ollo'ws : 

(1) Saccharine matter (chiefly dextrose), which may constitute as 
high as 25 to 30 per cent, of the must. 

'2) Albuminoid matter. 

^3) Gummy matter, pectin, etc. 

yj) Extracti^ e matter, illy-defined substances, comprising the col- 
oring matters, if any, the flavoring matters, etc. 

(5) Organic acids and their salts, comprising malic acid (especially 
in bad seasons), a slight trace of tannic acid derived either from the 
stems or skins, and tartrates of potassium and calcium. 

(6) Mineral matters: Phosphoric, sulphuric, hydrochloric, and 

silicic acids combined with potassium, sodium, iron, and magnesium. 

Water, 70 to 90 per cent. 

The must is fermented in suitable vats of wood or stone, accord- 
ing to the usage of the country; the fermentation is produced spon- 
taneously, that is, by germs accidentally introduced into it from the 
air or on the surface of the grapes themselves. If the fermentation 
does not take place promptly it is started up by introducing into it 
a supply of yeast-cells from some must which is alreadj^ in a state of 
fermentation. Sometimes a small quantity of must is fermented in 
anticipation of the vintage season as a sponge,'^' its fermentation 
being first induced by a small quantity of well-washed beer yeast. 
The use of albuminous yeasts, such as bread yeast, etc., is generally 
avoided as much as possible, however, as tending to produce lactic 
and aeetic or other objectionable fermentations entirely incompati- 
ble with the production of a wine with a delicate flavor. 
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The temperature at which the fermentation is carried on has a 
very decided influence upon the character of its product, and the 
practice differs in different countries in this respect. In California, ' 
Spain, South of France, Austria, and Hungary fermentation is con- 
ducted at a comparatively high temperature, 15° to 20° C., while in 
Germany a low temperature, 5° to 15° C. , is employed. As with beer, 
the yeast of either variety of fermentation, high or low, reproduces 
the same kind of fermentation in musts to which it is added, but the 
subject of the different ferments as applied to wine has not been so 
carefully studied as with beer. The high fermentation is said to 
give a wine rich in alcohol but lacking in bouquet, while the reverse 
is the case with the low fermentation. 

The duration of the fermentation varies with the temperature, the 
amount of sugar to be transformed, etc. ; the completion of the pro- 
cess may be known by the cessation of the disengagement of carbonic 
acid gas and by the diminution of the specific gravity of the liquid, 
so that the areometer marks zero or less. 

After fermentation is complete, the wine is drawn off from any 
sediment it may contain into casks or barrels, where a second slow 
fermentation takes place, continuing sometimes several months. 
When it is over, the wine is racked off into fresh casks, which are 
closely bunged up. The operation of racking off may have to be 
repeated several times, and it is sometimes necessary to add isinglass 
or other gelatinous material, which serves to clarify the liquid, acting 
on the tannin which it contains. This operation is called fining. 

CHANGES PEODUCED BY FERMENTATION. 

The princii)al change in the chemical constitution of the must pro- 
duced by fermentation is the conversion of the sugar into alcohol ' 
and carbonic acid. One hundred parts of sugar produce 50 parts of 
alcohol, in round numbers. All the sugar, however, is not converted 
into alcohol and carbonic acid ; a small part is converted into glycer- 
ine and succinic acid. 

The bitartrate of potash, being insoluble in alcohol, is gradually 
deposited as the content of alcohol in the wine increases, and forms 
the substance known as '^argol’^ or crude tartar. This distinctive 
constituent, tartaric acid, constitutes the superiority of grapes over 
other fruits for wine-making purposes, the comparative insolubility 
of its acid salts furnishing a means of removing tl].e excess without 
the addition of other chemical agents. 

Other changes take place, especially during the slow second fer- 
mentation, not so well defined or so well understood as those men- 
tioned, but of great importance in their relation to the quality of the 
final product. These changes, which continue after the fermentation 
has ended, constitute what is called the ^ ^ ageing ” of the wine and 
produce its bouquet” or flavor, generally attributed to the ether- 
ification produced by a slow action of the acids upon the alcohols. 
Wine imj)roves with age, but there is a limit after which it degener- 
ates again and loses its flavor. 

METHODS FOE ‘^'IMPROVING” WINES. 

In France and Germany several methods are in use for increasing 
the yield of wine or improving its quality. These are especially re- 
sorted to in unfavorable seasons, when the want of sutiiciept sun 
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prevents the formation of enough sugar in the grape and the pro- 
portion of acid is high. 

Chaptalization consists in neutralizing the excess of acidity in the 
must by the addition of marble dust, and increasing the saccharine 
content by the addition of a certain quantity of cane sugar, which 
the vintners sometimes replace by starch sugar. In this process the 
quantity of the wine is not increased, but it becomes richer in alcohol, 
poorer in acid, and the bouquet is not injured. It is much used in 
Burgundy. 

Gallization, which was invented by a German, Dr. Ludwig Gall, 
has for its object the production of a standard must, which shall con- 
tain a definite proportion of acid and sugar. This is brought about 
by the analysis of the must and the addition to it of water and sugar, 
the quantity to be added being ascertained by reference to tables. 

Petiotization. — This process, which takes its name from Petiot, a 
proprietor in Burgundy, is carried out as follows : The marc from 
which the juice has been separated as usual by pressure is mixed 
with a solution of sugar and water, and the mixture again fermented, 
the second steeping containing, like the first, notable quantities of 
bitartrate of potash, tannic acid, etc., which are far from being ex- 
hausted by one extraction. The process may bo repeated several 
times, the different infusions being mixed. This process is very 
largely used in France, and is said to produce wines rich in alcohol, 
of as good bouquet as the original wine, and of good keeping qual- 
ities. It is not allowed to be sold there, however, as natural wine. 

To what extent these methods obtain in this country I am unable 
to state. It is probable, however, that they are but little used, as 
the principal fault found with American wines is their deficiency in 
bouquet, not in their content of sugar. The detection of wines made 
in any of the above-mentioned ways is rather a difficult matter chem- 
ically, and requires a knowledge of the composition of the pure prod- 
uct only obtained from large numbers of analyses, extending over 
many years; which data, although existing in abundance in European 
countries, are, as yet, lacking here, owing to the comparatively 
recent development of the industry and the small amount of work 
done on the subject. 


PRESERVATION OF WINE. 

The method par excellence for the preservation of wines is Pas- 
teurization, already alluded to in this report on malt liquors. The 
temperature employed is from 50° to 65° C., and serves to completely 
destroy all vegetable life in • the wine. When a process so unob- 
jectionable in every way answers its purpose so admirably, it fur- 
nishes an additional argument in favor of the legal suppression of 
all chemical means of arresting fermentation by the use of antisep- 
tics, etc. 

VARIETIES. 

The different kinds of wines sold can be numbered by the hundreds. - 
They refer usually either to the country where it is produced, or of 
whose product it is an imitation, as Port, Sherry, Hochheimer, Ma- 
deira, etc., or to the variety of grape from which it is made, as 
Catawba, riesling, zinfandel, etc. 

No generally recognized classification is made, except into white or 
red wines according to their color, and into dry or sweet wines ac- 
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cording to tlieir content of sugar. The general name of champagni 
is given to effervescing wines. 


COMPOSITION OF WINE. 

In countries where the production of wine is one of the leading in- 
dustries, like France and parts of Germany, the composition of the 
wines made is very well established. Scarcely any article of con- 
sumption has been the subject of so much chemical investigation as 
wine. Thousands of analyses liaA^e been published, so that one is at 
a loss to choose among them for rej)resentative figures. 

In a general way tlie normal constituents of a natural wine may 
be divided into two classes, Amlatile and fixed. 

The volatile matters are as folloAVs: Yv'ater, constituting from 80 
to 90 per cent, of the Axeight; alcohol, o to 15 per cent.; glycerine, 2 
to 8 per cent. ; A^olatile acids, acetic, (Piianthic, etc. , constituting one- 
fourth to one-third of the total acidity ; aldehyde, compound ethers, 
together Avith the other fragrant, iiidehnite constituents, which give 
the wine its flavor and bouquet; carbonic acid gas in small quantities 
in young wines. 

The. fixed matters are: Glucose or. grape sugar in small quantities 
in most wines; bitartrate of potash, tartaric, malic, and phosphoric 
acid, jiartly free and partly combined vrith potash, lime, soda, alumi- 
num, magnesium, iron, and manganese, of which salts phosphate of 
lime is the most abundant, constituting from 20 to 60 per cent, of the 
weight of the ash, the remainder being chiefly carbonate of potash 
resulting from the calcination of tile bitartrate, with a little sulphate 
and traces of chlorides. Coloring matters: Pectin and analogous 
gummy matters; tannin, 1 to 2 per cent, in red wines, mere traces 
only existing in AA^hite. 


COMPOSITION OF AMERICAN WINES. 


The earliest analyses of American wines on record were made by 
Merrick,* in 1875, comprising six varieties of California wines. 

In October of the same year Mallet and Cooperf published analyses 
of twelve samples of Virginia wines. 

The work of Professor Hilgard on California wines began in 1880 
and has continued down to the present day, the results being pub- 
lislied in the bulletins of the station. These publications include ex- 
tensive series of analyses, AAdiich afford a most vpJuable index of the 
composition of California AAunes, especially as many of the analyses 
were made on wines manufactured in the laboratory, and henqe 
known to be absolutely pure. A standard of composition could very 
properly be established from them, and a limit for the amount of 
each constituent present in pure Avines, by which the addition of al- 
cohol, water, sugar, etc., in sophisticated wines could bo detected, 
The number of different determinations made on each sample is no' 
very large, unfortunately, including only the more imj)ortant con 
stituents. 

,As this Avork seems to be A^ery important as establishing the aA^er 
age composition of pure wines made in California, I haA^e prepared 
from Professor Hilgard’s reports a table showing the maximum, 
minimum, and mean composition of the pure wines analyzed, asAveli 


* Amer. Chemist, 0, 85. 


f Chem. News, 32, 160, 
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as of the wines which were made outside and sent in to the labora- 
tory for analysis : 


Maxmium, mini Ilium, a ml mean composition of Oalifornia wi'nes, as shown by the 
analyses made at the California Stale Vitieultural Laboratory. 



ISTo. of samples an- 
alyzed. 

Alcohol, by 
weight. 

Body or extract. 

Total acids as tar 
taric. 

'! 

1 

Ash. 


1 

c 

\ 

— 

Minimum. 

Mean. 

•iumu[X'Bi\[ 

Minimum. 

1 

j 

1—3 

cS 

Maximum. 

Minimum. 

[ 

1 

j 

i ^ 

1 ^ 

1 ^ 

1 r-H 

1 

’*•4 

'Pf 

1 ^ 

1 

! 

r^i 

Minimum 

Mean. 

Pure wmes made at 








1 

t 

1 





! 

1 

laboratori/ in 1884 . 







j 

1 








P. ct. 

Pet. 

P. ct. 

P. ct. 

P. ct. 

P.ct. 

! P. Ct. 

P . ct. 

1 P. ct. 

P. ct. 

P. ct. 

P. ct. 

Bordeaux typo 

10 

9.93 

7.46 

8.81 


2.10 

■2. .57 

. (533 

! .381 

i .510 

.447 

. 3,53 

. 3,52 

Burgundy type 

6 

10. 07 

6.43 

9.01 

3.77 

1.93 

3 . 36 

. 7 ( 5 :-! 

i .150 

' .(534 

. 435 

.300 

.319 

Southern French and 









i 

i 




Italian tvue 

18 

11.33 

7.43 

9.36 

3.71 

1 67 

56 

585 

393 

' 506 

.511 

. 334 

.343 

Dry white wine va- 







rieties 

13 

11.46 

7.43 

9.71 

3.44 

1.36 

1.90 

, .600 

. 4.33 

. 516 

.343 

.157 

.219 

Sherry and Madeira 








I 






varieties 

10 

13. 39 

7. 85 

9.68 

2. 83 

1.18 

1.85 

.660 

.317 

.498 

.390 

.160 

.288 

Port wine varieties . . . 

3 

10. 35 

9. 05 

9.65 

3.13 

3.36 

2.62 

. 525 

.501 

.511 

.564 

.446 

.493 

Pure wines made at 














laboratory in 1885 . 














Bordeaux type 

4 

10. 54 

8.13 

9.18 

3.99 

2. 69 

2.76 

.846 

.430 

.567 

.366 

. 37'3 

.310 

Burgundy type 

9 

11.46 

0.43 

8.39 

3.07 

1.80 

s.'io 

.600 

.417 

.515 

.330 

.314 

.276 

Southern French and 








. 






Italian type 

4 

8. 81 

6.83 

7.74 

3.07 

. 1.80 

3. 43 

. o <6 

. 450 

. 517 

.340 

. 213 

. 37’0 

Drv white wine va- 














rieties 

15 

11.33 

4. 76 

9. ‘23 

3.82 

1.53 

3. 16 

. 713 

. 351 

.544 

.450 

.140 

k’J-J 4 

Pure wines made at 














laboratory in 1880 . 













■ 

"RrirdA-miv t,vT>e . . . 

15 

9 78 

6 . 95 

8.28 




. filO 

.430 

.620 




’Rii'PcrnTidv t.vne . . 

1(3 

11.63 

7.09 

9.21 




.940 

. 350 

.540 



Southern French and 












Tf.n.lin.n l.vne 

15 

10. 63 

6 49 

8 48 




1 120 

.450 

.730 




Dry white wine va- 













^5 

9.37 

4 14 

7.86 




810 

.350 

.480 




Sherry and Madeira 













va.ripitipift * 

10 

11 . 63 

0.35 

8.58 




. 730 - 

.330 

.480 




A m n riVne . . 

3 

7.43 

6 89 

7. 14 




.740 

.500 

.630 




Wines sent to labora- 













tory for analysis. 








' 






1884 -’ 85 . 

< 













Reds 

30 

10 . 69 

7.64 

9.63 

3. 62 

3.05 

2. 87 

.750 

.395 

.563 

.534 

.219 

.340 

Whites 

5 

10. 81 

8.98 

9.80 

3.87 

2. 05 

3 . 67 

.537 

.397 

.473 

.367 

.255 

. 303 

Wines sent to labora- 














tory for analysis, 














18 S 5 -’ 86 . 














Reds ' 

55 1 

1 ( 5 . 43 

7 . 99 

10.48 

13. 77 

3.10 

4.30 ! 

. 87'9 

.335 

. 554 

.470 

.330 

.834 

Whites 

16 i 

13.139 ! 

8.84 

10 . S 3 

4.30 

1.80 

2.66 I 

.750 

.310 

.473 

.300 

.170 

.301 

Zinfandel rvines an- 


1 

1 





1 

1 







dlyzed, 1879-’85 

45 il 3.39 

7 . 43 

10 . .55 

8.04 

1.46 

3.89 

.873 

.337 

.573 

..546 

. 1.54 

.301 

' 

1 

1 


1 



1 


i 






In the year 1880 a largo number of samples of wine were j3urch ased 
in tlie market of Washington and analyzed by the Department of 
Agriculture. The work was under the charge of the late Henry B. 
Parsons, one of the most competent analysts ever in the service of 
the Department. The results are published in the Annual Report 
for 1880, forming part of the Chemist’s report for that year. 





204 KEPORT OF THE CO]VIMISSIONER OF AGRIGULTTTBE. 

The following table gives the averages and extremes of these 
analyses : 


Averages and extremes of American dry vnnes. 


Dry red wines. 


Dry white wines. 


Constituents, etc. 


Specific gravity 

Alcohol, by weight per cent 

Alcohol, by volume do . . 

Total residue do . , 

Total ash do . . 

Glucose do . . 

Total acid as tartaric do . . 

Fixed acid as tartaric do . . 

Volatile acid as acetic do. . 


Average (64 
analyses). 

Highest. 

Lowest. 

Average (51 
analvses). 

Highest. 

Lowest. 

. 993:3 

1.0011 

.9894 

. 9926 

1.0105 

.9845 

8. 92 

12.21 

5.71 

9.35 

13. 94 

7.03 

11.04 

15.21 

7.17 

11.70 

17.37 

8.80 

2. 28 

3.16 

1.65 

1.75 

2.64 

1.18 

0.231 

0. 532 

0.130 

0. 181 

0. 335 

0.090 

Traces. 

0.450 

None. 

Traces. 

0.300 

None. 

0. 723 

0.997 

0. 511 

0.6fi0 

0.855 

0.422 

0. 300 

0.646 

0.226 

0. 313 

0.561 

0. 121 

0.290 

J 

0. 517 

1 

0. 138 

0.294 

0.508 

0.068 


In the work on wines dnring the preseht investigation, 70 samples 
purchased in the market of W ashington were examined. Inasmuch 
as the analyses made in 1880 included so many samples and repre- 
sented very fairly the composition of the wine sold here, it was 
thought inadvisable to make a complete analysis of all the samples, ^ 
especially as many of them were identical in origin with those ex- 
alnined by Mr. Parsons, Accordingly only about one-half the sam- 
ples (36) were submitted to a very careful and complete analysis, 
the rest being examined for adulteration only, especially preserva- 
tives. Only those samples were chosen for complete analysis which 
did not correspond to any of the samples analyzed in 1880. The 
samjjles are all wines of American origin, of which by far the 
greater bulk of the wines consumed here consists. Most of the sam- 
ples are Californian, a few coming from Virginia and other States. 
Several of the samples had foreign labels, in imitation of some im- 
^ported wine of the same general class, but in each case the dealer 
admitted that the wines were American. 

The time and scope allowed to the work did not admit of the ex- 
tension of the investigation to imported wines. 



Analyses of w 


Designation. 


Made in— 


Red wines. 

American Burgundy 

Charbono ■ California . . 1885 

Lenoire ; do 1885 

Burgundy i do 18;84 

Claret ! do 1835 

Zjnfandel ^ do ; 1883 

Burgundy ' 

St. J uiian Claret California . . 1885 

Claret Virginia . . . . ! 

Zinfandel California 

Claret Virginia 

Do do 

Do New Jersey 

Do I Virginia 

Do California ..... . 

Do do ; 


Average 


White mines. \ 

Moselle California . . 

Riesling, gray ; do 

Riesling, white Johannisburg I do 

Sauterne , I ... .do . . 

Dry Catawba I 

California Riesling 1 

Riesling 

Do 1 California . . 

Berger do 


Average 



Analyses of wines made by the United States Department of Agriculture in 1887— Con tinned. 


Designation. 


ilcide in— 



cc 


el 

oj 

O 


a 


Sv'eet iDines. 


Sherry 

Calitoniia . . 
do 

1883 

Do 

Port 

1^0 


Sweet Burgundy 

.... do 

1884 

1886 

Sweet Catawba’'. 


Do 


Tokay 

California . . 
do 

1884 

1884 

Sweet Muscatel 

Muscatel . . . 

do 

Angelica . . 

I'lO 

1884 

Do 

.... Ct.) 


5001 

5090 

5091 

5002 
5087 
5102 
5004 

5003 

5092 
4994 

5093 


Average 
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cj 
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o 

<v 

ft 

ft 

o 

o 
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ft 

ft 

O 

'ft 

o 

X 

+J. 

ft 

o 

oi 

ft 

ft 

■ft 

ft 

ft 




•ft s 

ft o 
o 



m 


< 

K 

H 

[ft 

[> 

M 


O 


Ph 




Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 


1 


9929 

16.16 

19.87 

3.82 

. 638 

.445 

.157 

.039 

1.850 

. 606 

.312 

-12 

2 


9939 

15. 99 

19.68 

3.3i 

. 510 

.390 

.093 

.114 

2.8 0 

.278 

.215 

- 6.6 

3 

1 

0432 

15.39 

18.93 

15. 38 

.683 

.431 

.202 

.076 

8.928 

.190 

.602 

-29.2 

4 

1 

0161 

15.53 

19.08 

9.30 

.615 

.490 

.092 

.057 

6.150 

. 657 

.415 

-30.2 

5 

1 

014,5 

14. 50 

17. 87 

8. 39 

. 518 

.410 

.087 

.086 

6.650 

.113 

.118 

- 8.8 

6 

1 

0357 

10.98 

13. 60 

13. ^20 

.465 

.;303 

.130 

.048 


.417 

.384 

7 

1 

X 

0167 

14.58 

17.92 

9. 53 

.518 

.364 

.118 

.039 

6.110 

.206 

.262 

-20.2 

8 

1 

0511 

12. 99 

16.05 

17. 20 

. 375 


. 025 

.048 

15.050 

.192 

.256 

-;30. 6 

9 

1 

0380 

15. 45 

19.00 

18. (>4 

. 563 

.383 

.144 

.057 

11.111 

.102 

.360 

-23.4 

10 

1 

0492 

12. 54 

15.49 

16. 21' 


.330 

. 030 

.132 

14.200 

.140 

.686 

-30.0 

11 

i 

0433 

15.37 

18.90 

13.24 

.mo 

. 285 

.060 

.039 

11.873 

.052 

.249 

-29.9 


1. 

0261 

14.50 

17.85 

11.21 

.511 

'. 378 


. 067 

8.48 

.260 

.3.51 
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Maximum, minimmn , and mean composition of the samples examined. 


Sixteen samples red 


Nine samples white ; Eleven samples sweet 


Constituents . 

• 

v.unes. 


Tvmes. 


wines. 

Maxinnim. 

Minimum. 

V 

i-'-i 

Maximum. 

Minimum. 

Mean. 


Minimum. 

. 

Mean. 

Specific gravity 


. 998;3 

. 9908 

. 9940 

. 9918 

. 9882 

. 9912 i 

1.0511 

. 99.29 

1.0261 

Alcohol, by weight per cent. 

11.98 

7. 78 

9 . 00 

13. 85 

9. 01 

10.44 : 

10.10 

to . 9 

14. 50 

Alcohol, by volume 

. do . . - 

14. 74 

9.08 

11.95 

16 . 52 

11.17 

12.91 i 

19 . 87 ' 

13 . OC ' 

17. 85 

Extract 

.do. . . 

2.88 

1.89 

1.94 

1.75 

1.10 

1.85 ! 

17.20 

3. 88 

11.21 

Total acids as tartaric 

. do . . . 

.870 

. 883 

. Oil 

. 750 

, 488 

.005 

. 688 

.300 

.511 

Fixed acids as tartaric 

. do . . . 

. 724 

. 118 

, 897 

. 505 

.385 

. 4 !) 

. 490 

.285 

. 37 ^ 

V olatile acids as acetic 

. do . . 

. 281 

. 084 

. 108 

. J.87' 

. 082 

.131 ; 

. 202 

. 0 i ;5 

.104 

Bitartrate of potash 

do. . . 

.188 

. 029 

.008 

. 2 ijij 

. c39 

.152 ! 

.182 

. 089 

.067 

Reducing sugars as dextrose . 

■ do, . . 

. 7)08 

none. 

. 104 

. 9^:0 

none. 

.250 : 

15. 05 

1.85 

8.48 

Glycerine 

. do . . . 

. 893 

. 803 

. 490 

. 885 

. 305 

.528 : 

. OfVi' 

. 0ii2 

.200 

Ash 

. do . . . 

.453 

. 170 

.200 

. 200 

.181 

.220 I 

1 

. 680 

.13 8 

.351 


THE ADULTERATION OF WINES. 


The adulteration of wine has been practiced from a very early 
date in those countries where the consumption is large. It has in- 
creased in amount and in the shillfulness of its practitioners until at 
the present day it requires for its detection all the knowledge and 
resources Vr^hich chemical science can bring to bear upon it, and oven 
then a large part doubtless escapes detection. It must be remem- 
bered, however, that in Europe the definition of adulteration has 
rather a veide scope, including the addition of substances which are 
simply diluents. The Paris Laboratory considers as a fraud * ' the ad- 
dition of any substance for the purpose of gain which changes the com- 
position of the natural wine. '’ In Germany, on account of the north- 
ern situation of the country, it is permitted to the vhne-growers in bad 
years, when the grapes contain a relatively high percentage of acid 
and a low percentage of sugar, to make use of pure sugar as an ad- 
dition to the must, Avhich addition is not considered as an offense 
against the adulteration laws, so long as the product is sold as ' ' wine ” 
simply. The amount of water added with the sugar must not be 
greater than twice the weight of the former, and the product must 
not be offered for sale as natural wine.” 

By far the greater part of the adulteration carried on in the Euro- 
pean countries consists of this addition of water (mouillage) and 
sugar {siicrage). Such wines result from the methods of manufact- 
ure already described — petiotization, gallization, and chaptalization. 
For the detection of such wines it is necessary to establish maximum 
and minimum limits for the principal constituents of wines, and the 
relation in which these constituents stand to one another. To es- 
tablish these limits is rather difficult, and requires a large series of 
analyses extending over many years. The constituents most relied 
on for the establishment of the character of a wine in judging 
whether it has been diluted or not are, the extract, content of free 
acid, and the relation between the extract and mineral matters. 

The samples which would be considered as watered according to the 
German standard tire as follov^s: Serial ISTos. 6084, 6099, 4997, 4998, 
6081, 5083, 6089, 6097, and 6098. 
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plastering of wines, which, is also very extensively carried on 
in France, consists in adding to the wine or mnst a large excess of gyp- 
sum, or sulphate of lime. 

American wines would seem to he quite free from this form of adul- 
teration. In my 70 samples I found none which exceeded the gener- 
ally adoped standard of .092 gram SO3 to lOOcc., or 2 grams K^SO^ to 
the liter, and only three, Nos. 5i00, 5107, and 5115, which contained 
SO, corresponding to over 1 gram K^SO^ per liter. 

Fortification of wine consists in the addition of alcohol derived from 
some other source. The alcohol may be added either to the must or 
the wine. It allows of better incorporation with the wine if it is added 
to the must before fermentation. In either case, however, it precipi- 
tates a part of the constituents originally dissolved, lowers the quan- 
tity of extract, deprives the wine of its original bouquet and flavor, 
and renders it more heady and intoxicating. The least objectionable 
addition is alcohol distilled from grapes; but the high price of the lat- 
ter renders it much less likely to be used than corn spirit, which con- 
tains considerably more fusel oil. The practice of fortification pre- 
vails especially in the more southern wine-growing countries, as 
Portugal, Spain, and the south of France. Growers in those countries 
declare it to be a necessary addition in their warm climates for the 
preservation of the wines, as these latter contain a considerable quan- 
tity of unfermented sugar, which would soon produce the souring of 
the wine if the alcoholic content were not greater than can be obtained 
by fermentation. In France, for ordinary red wines, the addition of 
alcohol is decided by the relation of the alcohol to the extract (sugar 
deducted), exceeding sensibly the relation of 4 to 4.5. In Germany 
the relation of alcohol to glycerine is relied upon, the maximum pro- 
portion allowed being 100 parts by weight of alcohol to 14 of glycerine, 
and the minimum 100 to 7. Wines going above the maximum are 
condemned as having suffered an addition of glycerine, those going 
below the minimum as being fortified with alcohol. With sweet 
wines” these figures do not apply, as they are based on natural wines 
made in Germany. 

It is evident that tlie German standard of 100 parts of alcohol by 
weight to 7 of glycerine, which is relied upon as a means of detecting 
the addition of alcohol, can not be applied to American wines. Only 
th reo of the samples would pass muster by it, and it seems hardly pos- 
sible that the practice of adding alcohol could be so Avide-spread as 
Avould be thus indicated. 

Foreign coloring inattersaTQ frequently added to red wines, either 
to brighten and improve the color obtained from the grapes, or, 
more fj'equeiitly, to cover up the effects of previous dilution. These 
colors nlay be of vegetable origin, obtained from the Amrious vege- 
table dyes, or by mixing the juice of other highly-colored berries or 
fruits Avith the wine; or they may be some of the numerous varie- 
ties of aniline dyes obtained from coal-tar. A few examples of the 
vegetable dyes said to be used may be mentioned as folloAA^s : Log- 
Avood, cocliineal, elderberries, whortleberries, red cabbage, beet-root, 
malloAAg indigo, etc. 

All of the samples of red wines, about forty, were submitted to a 
search for aniline coloring matters, which resulted in the demon- 
stration that one sample out of the forty. No. 4998, Avas colored with 
an aniline dye-stuff, probcably fuchsine. 

The preservative agents added to wine are entirely similar to those 
used in malt liquors. 
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Especial attention has been given in the present investigation to 
the use of improper preserving agents in fermented drinks. It v^as 
thought that such agents were much used ; so a considerable number 
of samples were purchased, and the examination for preservatives, as 
well as for other adulterations whose detection did not require a 
complete analysis of the wine, was extended to all. The results Show 
the practice to be even more extensive than was supposed. 

The following table shows in what samples salicylic acid aTid sul- 
phites were detected. In the case of the sulphites, where a ^ ^ trace is 
indicated, there was not sufficient to justify the assertion that a sul- 
phite or sulphurous acid had been added directly to the wine ; in such^ 
cases it probable came from insufficient cleansing of the casks. Where 
it is indicated as present,’^ however, there was sufficient indication 
of its having been added to the wine. 

Examination of ivines for preservatives. 


Designation. 

Made in— 

Serial 

No. 

Salicylic acid. 

Sulphites, 

Clianipagne. . . 

New York 

ft 

4960 

None 

None. 

Do 

.... do 

4061 

do. 

Do. 

Do . 

Ohio 

4962 

... .do 

Do. 

Do 


4963 

do 

Present. 

Bureundv 


4964 

.... do 

None. 

Virginia seedling 


4965 

.•..do 

Do. 

Catawba 

ovr Y oi’k 

4966 

Present 

Do. 

Sweet Scuppernong 

North Carolina 

4967 

None 

Do. 

Charbona 

California 

4968 

... .do 

Do. 

Lenoire 

.... do 

4969 

.... do . , 

Do. 

St. Macaire 

.... do 

4970 

do 

Do. 

Angelica ... 

.... do 

. 4994 

.... do 

Do. 

Burcrundv 

.do 

4995 

... .do 

Ti'ace. 

Claret 

.... do 

4996 

.... do 

None. 

Moselle 

.... d(5 

4997 

.... do 

Present. 

Riesliner. gray 

.... do 

4998 

Present 

None. 

Riesling, Johannisberg 

. . . .do 

4999 

... .do 

Present 

Sauteme 

1 .... do 

5000 

1 None 

Do. 

Sberiy 

.... do 

5001 

1 Present 

None. 

Sweet Burgundy 

. do 

5002 

None 

Do. 

Sweet Muscatel 

. . . .do 

5C03 

do 

Do. 

Tokav 

. . do 

5004 

.... do 

Do. 

Zinfandel 

... .do 

5005 

.... do 

Do. 

Catawba 


5081 

... .do 

Trace. 

f Inlifornia. TToelr 


5082 

.... do 

Present. 

nalit'ornia. Rieslinp* 1 . 1 

5083 

.... do 

Trace, 

Burgundy 

1 

5084 

.... do 

None. 

Zinfandel 


5085 

.... do 

Do. 

St Juben Claret 


5086 

.... do 

Trace. 

Sweet Catawba 

New York 

5087 

. , . .do 

None. 

St. Julien Claret , 


5088 

Present 

Trace. 

Riesling 


5089 

None 

Pi’esent. 

SbeiTv 

California 

5090 

.... do 

None. 

Port 

.... do 

5091 

.... do 

Do. 

Muscatel 

. .do 

5092 

.... do 

Do. 

Angelica 

.... do 

5093 

Present 

Do, 

Claret 

Virginia . , . . . 

5094 

None 

Do. 

Zinf alden 

California 

5095 

. . . .do 

Do. 

Claret 

A^irginia 

5096 

.... do 

Trace. 

Riesling 

Cabfornia 

5097 

.... do 

Present. 

California Berger i 

. . .do '..... 

5098 1 

. . . .do 

None. 

Claret 

Virginia 

5099 

.... do 

Do. 

Do 

New Jersey 

5100 

Present 

Do. 

Do 

V^irginia 

5101 

None 

Do. 

Catawba 


5102 

Present 

Do. 

Claret ' 

California 

5103 

None 

Do. 

Do i 

. ... do 

5104 

.... do 

Do. 

Do . ’ 

Vire’inia, . . 

5105 

. . . do 

Do. 

Sauterne i | 

5106 

... do 

Present. 

TToek. i ..... i 

5107 

Present 

Do. 

California Beaune i 

1 

5108 

. . . do 

None. 

Sweet Catawba 

1 

5109 

... do 

Trace. 

California Gutedel i 


5110 

do 

Present 

Claret 


5111 

None 

Do. 

California Zinfalden 

ANrginia .... j 

5112 

.do 

Trace. 

California Port 


5113 

do 

None. 

Sonoma Port 1 


5114 

Present 

Do. 

California Angelica i . 


5115 1 

do 1 

Do. 


AG 87 ^14 
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Examination of wines for preservatives— Gontimiedi. 


Designation, 


Made in— 


Frontignan 

Old P^e Sherry 

California Zinfandel . . . 

Gutedel Hock 

Bel-ger Hock 

California Burgundy . . . 

California Madeira 

California Port 

* California Tokay 

California Frontignan . 
California Angelica .... 
Galifomia Berger Hock 


California 
... do 


California 

... do 

... do 

... do 

... do 

... do 

... do 

... do 

... do 




Serial 

No. 

Salicylic 

5116 

None . . . 

5117 

do . . . 

5118 

Present . 

5119 

None . . . 

5R>0 

do ... 

5121 

Present . 

5123 , 

. . . . do . . . 

sen ' 

None . . . 

5125 1 

Present . 

5126 

None . . . 

5127 ! 

do ... 

5128 1 

do 


1 


Sulphites. 


None. 

Do. 

Trace. 

Do. 

Present. 

Trace. 

None. 

Do. 

. Do. 
Do. 
Do. 

Present. 


From an examination of this table it will be seen that of the sev- 
eipty samples examined, eighteen, or over one-fonrth, had received 
an addition of salicylic acid, and thirteen had been preserved by the 
use of sulphurous acid, either as such or in the shape of a sulphite. 
In two cases both agents had been used. One of the samj^les which 
contained salicylic acid and also one containing sulphites were among 
the samples exhibited at the meeting of the ISTational Yiticultural 
Convention last year in Washington. 




Cider is the fermented juice of the apple. It is an article of very 
general use, especially in those parts of the country where f laiit- 
growing is carried on. Statistics of the amount produced or con- 
sumed are rather diihcult to obtain, and I am unable to present 
any definite statement on the subject. It is quite a favorite article 
of home production, nearly every farmer in regions wliere apples 
are grown making his barrel of cider for use through the winter; 
but a large amount also finds its way into the city markets, finding 
ready purchasers among people who still retain their taste for the 
drink, acquired during a childhood on the old farm.'' A considera- 
ble quantity is also consumed in the shape of bottled cider, '' cham- 
pagne cider," “sparkling cider," and similar substitutes for, or im- 
itations of, champagne wine, large quantities of this clarified cider 
being produced in some parts of the country, notably ISTew Jersey. 
Most of the cheaper kinds of champagne (American champagne) are 
made in this way. 

In England and France considerable quantities of cider find their 
way into the markets, tliough it is there, as here, largely an article 
of home consumption. Certain parts of those countries are famous 
for the quality of their ciders, notably hTormandy, in France, and 
Herefordshire and Devonshire, in England. France produced, in 
1883, 23,493,000 hectoliters (020,211,200. gallons) of cider, or over one- 
half of the quantity of wine produced, and three times as much as the 
total quantity of malt liquors. 


MANUFACTURE OF CIDER. 

In the numerous sections of the United States where apples are 
grown in large quantities the manufacture of cider furnishes a most 
important means for the utilization of such fruit as is unfit for market- 
ing, either f rom being too small or sour, or too thoroughly ripened, or 
bruised from handling. The conversion of these into cider, and 
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perhaps of the cider into vinegar, is a very important branch, of 
^ ax-)ple-growing, and the cider press is an indispensable adjunct to a 
large orchard. Within the last ten years the manufacture of cider 
has been greatly aided by inix)rovements, both in the machinery for 
crushing the fruit and in the presses for extracting the juice, bVt it 
is doubtful if the methods of treatment of the juice after exti^action 
have undergone a corres]3onding development. The methods of fer- 
mentation and x)reserving — operations that are so carefully performed 
in the manufacture of other fermented liquors — are exceedingly 
crude, as I can testify from j)ersonal experience. The juice, wiietiier 
containing' a relatively hrrge percentage of sugar or not, is drawn 
into barrels and left to itself, xmcbably exposed to a hot snn and 
to all the changes of temperature incident to the autumn season; 
and when the season is over or the cider is in danger of freezing, it 
is transferred to the cellar in the same barrels in which it was 
originally run, without any adtempt at cleansing it of sediment, or 
filtering or racking; and when any attemxd at iinxDroving its keeping 
quality is made it is by adding some antiseptic instead of freeing it 
from the matters which conduce to improper fermentations^ or so 
conducting the process as to produce a liquor v/hich can properly be 
called the ^^wine of apxfies.” It seems remarkable that with these 
methods so x)alatable a drink is xmoduced, a fact which only shows 
what might be done if a little care and scientific knowledge were 
applied to the treatment of the juice. There is a great difference 
between the xn*actice here and in other countries in regard to the 
treatment of the juice. Here the greater part of thp cider produced 
is treated as indicated aboA^e, and is sold to the consumer in the fall 
or winter of the same year it is j^roduced, without any treatment 
whatever, exceiDt perhaips the addition of a dose of mustard seeds 
or sulphite of lime or salicylic acid, to arrest or retard the fermen- 
tation. This addition serves only to stop the fermentation for a 
while, probably through the Aviiiter, and in the S]3ring whatever has 
not been consumed has to be throAvn away or turned into vinegar. 
In England and France the juice is treated according to the sweet- 
ness of the apx>les from Avhicii it is made, very sweet juice requiring 
a low temj)erature for its fejmeiitation, in order that the operation 
shall not be too raj)id. The juice is run into barrels or large Amts, 
which are kept in a barn or cellar Avliere the temx3erature is more or 
less constant, and the fermentation alloAved to go on until a “ Hhaj)eau” 
or 'head of scum forms on toj3, containing many of the impurities of 
the juice. The clear liquid is then racked off *’ from betAveeii the 
impurities which liaA^e risen to the toj) and tliose that have fallen to 
the bottom. The casks into which it is receiAvjd are scrrq^ulously 
clean and are filled nearly full and transferred to a cooler cellar, 
where a second sIoav fermentation takes place. The racking- off pro- 
cess may be repeated if necessary, or the juice may be filtered from 
tb.e first fermentation. Cider fermented and properly racked in this 
\ ay will keep indefinitely at a Ioav temperature, especially if bottled. 

I or bottling, it generally undergoes the operation called “fining.” 
bj the addition of isinglass, which, removes most of the all^uminous 
constituents which are so inimical to its j)roxDer preservation. Ci(iei’ 
made in this way Avill be much richer in alcohol and contain mueli 
less acetic acid than Avhen its first fermentation is allowed to take 
■place at a high, temperature and in a rapid, tumultuous manner. It 
is a true apple wine and Avill keep indefinitely. The cider of Devon- 
shire has been kept twenty or thirty years. 


/ 
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COMPOSITION OF CIDER. 


T jie amount of ciiemical \York done on cider is not nearly so great 
as lias been done on wine. In fact, the published analyses of cider 
a>rc very few and are conhned almost entirely to other countries. 
I have not lieen able to fair! a single published analysis of American 
cider. 

Various conditions rendered it impossible to extend the presen u 
investigation of ciders to a V6)ry larg'e number of samples. It is 
hoped that an opportunity for a more extended study will present 
itself in tlie future. 

The samples for the investigation were purchased in the city in 
the same way as the samples of wine and beer. 

Analyses of ciders by XJnited StoAes Department of Agriculture. 


Desijrnaliori. 


! S 

\ ^ 

; i cn ci 

<13 ^ I 

I CC rn i 


o . 

CO 


r 


Well-fermented ciders. 


Draught cider (“extra dry ■’) ! 4830 : 

Bottled cider, kuown to be | j 

pure I rS32 , 

Bottled cider I 4833 i 


o 


o 

•rH 

---H 

Uj 


1,0132 

1. (X)03 
1.00<)7 


.a . 

O ho 
O S 

< 


■ 

.0 . 

•-H 

Z/T 

"d ci 

•rH 

as 

se. 

r. ^ 

0 

t/2 



^ P 

s ? 





. 


m 

F.ct. 

F.ct. 

r N 

F. ct. 


01 



4. 18 5. 23 ! 3. 31 i . GO; 


(=0 


8.09 10,0.5 i 1.S8 
G.28 ' 7.83 i 1.80 


5. 02 

3.09 
5. 9.2 


I 


eider 

4834 

4 

1 . 0264 

4.48 

5. 61 

“Champagne cider,” hot- 



1.0223 

4.08 

5. 10 

tied 

4835 

5 

Do 


i 




“ Sparkling cider,” bottled. . 

4836 

4927 

f* 1 

0 

7 ! 

1.0143 

1.0306 

5. 45 
3. 03 

6.79 
4. .54 



i 

i.0tr4 

5. IT 

G. 4(5 



i_ 




Sweet'''' or inconijpletely- 


1 




fermented ciders. 


1 

i 




Draught cider 

4829 

1 

1. 0537 

0. 65 

0. 81 

“ Sweet ” cider 

4831 

1 

1.0516 

0.61 

0. 77 

“ Sweet ” cider (draught). . . 

483'7 

3 i 

1.0567 

0.20 

0. 25 

Do 

48;38 

4 ; 

1.0203 

3. 46 

4, .43 

Do 

4839 

5 

1 . 0552 

0. 55 

0. 67 

T)0 

4841 

6 

1 . 0355 

a O '’ 

3.71 






Average 


1 

1 

1.0455 

1.40 

1.76 


450 . 
376 7 

339 ^ 


F. ct. 
.396 

.279 

.340 

,393 


567 i 1 .310 


361 

113 


..! .415 
..j .506 


9.59 
! 9.53' 
j 3. SI 
9.75 


O. I I 


.402 


. 565 
.302 
.375 
. 302 
. 409 
. 478 


. 405 


.3'^^ 


( < 


.315 

.283 

.374 

.336 

.348 


.321 


F.ct. 

.038 

.063 

.044 

.031 

.050 

.038 


,044 


.069 

.063 

.075 

.0*44 

.031 

.069 


.059 


o 

cS 

O 


P.ct 

(t) 

.161 

.120 

(« 


.2 ho 

O O 03 

Ph 


o 

-19.5 

— 7.0 

— 6.1 

— 35.2 

— 23. 4 

— 20.4 

— 33.8 


- 41.6 

— 34.2 

— 48.4 

— 24.2 

^-8.6 

— 39.1 


* A circumstance arising after the samples had been tiirovvn away seemed to throw considerable 
doubt upon the determinations of sugar, whicli were ma.de by an assistant, and the entire set had to 
be thrown out. 

.7 Deterniinations of the carbonic acid in three diJTerent bottles ga^^e the following r(.'.sults; .728, .654, 
.482. 


ADULTERATION OF CIDER. 


Cider is very little subject to adulteration, according to most t)f the 
authorities on foods. Even Hassall, who generally enumerates under 
each article of food a list of every conceivable adulteration that has 
ever been found or supposed to have been used hi such_ food, only 
speaks of the addition of water, of burnt sugar as a coloring matter, 
and of the use of antacids for the correction of the acidity of spoiled 
cider. On the other hand, in France, where, as we have seen, it is 
very largely consumed, its adulteration is hy no means uncommon, 
ad thougli principally confined to its watering, together with additions 
for the purpose of covering up such attenuation, such as foreign 
coloring matters. In the Paris municipal laboratory, out pf 63 
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samples examined in 1881, 39 were pronounced “bad,” among v^diicb 
were 26 artificially colored; in 1882, 59 samples were examined,^ pt 
which 30 were declared “bad,” of whicli 7 samples were artificially 
colored; 2 samples contained salicylic acid. The following is con- 
sidered there as a minimum limit for the composition of a pui'e cKier, 
and any sample which falls below it many consLitiieiit is consio^ered 

as watered: 


Alcohol, per cent., by volume 
Extract in grams, per liter. . . 
Ash 


in svcoet ciders tiie con- 


This is for a completeh^-iermented cider y. ^ . 

tent of sugar should exceed the limit sufiiciently to rp.ake up lor tiie 
deficiency of alcohol, to Anhich it should be calculateci. 

EXAMINATION OF THE SAMP.EES FOR AHUETERATION. 

The investigation of the samples Avas undertaken with the full ex- 
pectation of finding a considerable number preserved with antisep- 
tics. This supposition failed to be confirmed, hoAvever, for no sali- 
cvlic acid was found, and in but one case Avas any test obtained foi 
sulphites. N^one of the samples fell beloAV the standard proposed by 
the French chemists, given aboA^e, and no metallic or other adulter- 
ation was discovered.. ^ T T j. 1 

The single exception, howe\"er, K'o. 4927, was an emboaiment in 
itself of nearly all the adulterations which have been enumerated as 
possible in cider. It was handsomely put up in neatly-capped bot- 
tles, and of a clear, bright color. Its treniendous “head” of gas 
when uncorked gave rise atxmce ro the suspicion that it had received 
some addition to produce an artificial pressure of gas, for pure cider 
does not contain sufificieiit sugar to produce very much after-rer- 
mentation, any more than pure Avnno. The Ioav content of free acid, 
together with the large amount of asli and very variable content of 
carbonic acid in different bottles, established the fact that bicarbon- 
ate of soda had been added, probably a var^/ing quaxiticy to 
bottle, while the dose of sulphites aaded Avas so large thau a 
has stood open in the laboratory all through the summer a\ it houx 

souring. 


ABSTEACT OF EEPOET OF KESHLTS OF EXFEKIMENTS WITH 
MAHUFACTUEE OF SUGAE FEOM SOEGHUM AHD SUGAECAUES. 

EXPERIMENTS WITH SORGHUM AT FORT SCOTT. 

t 

Report of Magnus Swenson. 


PRELIMINARY EXPERIMENTS. 


As soon as the earliest of the amber cane approached ripeness a 
large number of preliminary experiments Avere ’made in detecaLion 
and filtration of juices. The experiments in filtration A\ere made 
with a small filter yiress Avith a hand j)ump. , Tlio cloth used was tne 
same, as that used in the largo presses, and every precaution Avas 
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taken to make the results just as valuable as if made on a larger 
scale. These experiments were begun on July 29. The filtering ma- 
terials used were finely - powered lignite, bituminous coal, shale, sev- 
eral kinds of soils, and prepp«red carbonate of lime. The following 
conclusions were derived from these experiments: 

(1) hlone of the above materials ivould filter juice satisfactorily 
that had an acid reaction. 

(2) iSTeutral juice filtered very slovdy and a hard-press cake would 
not form in the press. 

(3) With a decidedly alkaline juice the filtration took ]3'la.ce much 
more readily, but was not entirely satisfactory except with carbonate 
of lime. 

^4) Lignite did not have any apparent decolorizing effect on the 
juice except wheo ':lie juice had become highly colored by adding an 
excess of lime, hen a slight decolorizaticn took place. A large' 
number of experiinents were made with varying quantities of lignite, 
but in no case did it show any superiority over fi ne, sandy loam either 
as a decolorize!* or filtering medium. 

Experiments for testing the cutting, cleaning, and elevating ma- 
chinery were also conducted as early as the condition of the cane 
would permit. 

The method of unloading the cane and getting it onto the carrier 
was similar to that employed last year. The seed heads, however, 
were cut oif in the field, ^he cutters were made by the Belle City 
Manufacturing Company, of Racine, Wis. They did the work well, 
but the machines vrere too light to stand the very severe work they 
were called upon to do. 

The cane 'was cut into pieces about an inch long and 1?hen elevated 
by a drag to the top of tlie series of four fans standing straight over 
each other, each fan being furnished with a separate set of shakers. 
The cleaning ajoparatus, after considerable adjustment, did faii'ly 
g^ood work. The leaves and sheaths rvere removed by a suction fan. 
The cleaned pieces of cane "veie cut by a rapidly-revolvbig cutter, 
consisting of a cylinder carrying fid kiUO'CS. The cylinder was 
made up of tliree separate sections, eacli ^vith 10 knives. Altljough 
no difficulty was encountered in cutting, flie work of the cutter was 
very unsatisfactory. A large portion of the chips consisted of long 
pieces with the hark on one side. Diffusion in this case could take 
place but in one direction, and in the largest chips of this kind tlio 
extraction of the sugar was very imperfect. The drag for conveying 
the chips to the cells was rebuilt and placed higher and on one side 
of the battery so as not to interfere with the packing of the chips in 
the cells. The exhausted chips were dumped directly into a car ru li- 
ning on rails under the battery. This car was runup an incline onto 
a trestle work about 20 feet from the ground, by the aid of an end- 
less cable. Two friction clutches, running in op|iosite directions, 
served to rnii the car forward or backward, and the * ar wns so ar- 
ranged that the charge of exhausted chips could be dropped at any 
point by simply reversing the motion of the cable. 


EXPERIMENTS WITH CRUSHER. 

It was the opinion of a number of men interested in this indu'ffry 
that a very much larger yield and better quality of juice could he 
obtained by the crushers if the cane, previously to being pressed, 
were cleaned and macerated, and it was deemed best to give the matter 
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a thorough trial. For this purpose a 3-foot cane mill was purchased 
from J. A. Field & Co.^ of Saint Louis. It consisted of a 3-roller 
mill and a supplemental 2-roller mill. The principal trouble en- 
countered was in feeding the mill. Even with an arrangement for 
forcing the chips between the rolls not over 3 tons per hour could 
be forced through^ and the yield of juice was but little if any greater 
than when whole cane was fed to the mill. 

The average yield' of sirup was about 10 gallons per ton of cane 
worked. The same kind of cane yielded by diffusion 25 gallons of 
sirup per ton of cane. The cane used in this trial was very poor, 
being mostly lodged. Those experiments show conclusively the great 
superiority of the diffusion process for sirup making, a very good 
quality of sirup being produced from very poor cane. It was superior 
in both color and flavor to the sirup from the mill juice. The juices 
from the mill and battery were treated precisely alike*a'nd they were 
skimmed and ev aporated in an open steam evaporator. This is a 
matter of great importance to all engaged in the sugar business, as 
both at the beginning and close of the season there will be consider- 
able cane that is not ht for sugar-making, and the fact that 25 gallons 
of first-class sirup can be made from such cane by diffusion makes 
it possible to work even such material at a good profit. 

The first run for sugar was begun on August 26. The juice was 
made alkaline with lime, and about 2 per cent, of carbonate of lime 
was* added. It was then filtered. To other portions of juice, instead 
of carbonate of lime, 3 per cent, of ground shale, bituminous coal, 
and sandy loam were added respectively. The filtrations were very 
imperfect except with the carbonate of lime and in every way cor- 
responded with the preliminary experiments. Lignite was not used 
on a large scale because I had at the time no means of grinding it; 
but judging from a large number of experiments made in the begin- 
ning of the season, it is safe to conclude that it would not have fil- 
tered any better than the other materials used. J 

Satisfactory filtrations were only produced when the juice had been 
made strongly alkaline, and no material was found which would filter 
the juice when left slightly acid. 

On August 30 the first strike was made, and the yield was a little 
more than 100 pounds of washed sugar per ton of clean cane. 

INVERSION OF CANE SUGAR. 

To prevent the inversion of the sugar in battery, about 10 pounds of 
dry precipitated carbonate of lime was mixed with enough water to pro- 
duce a thin paste. This was added to the fresh chips while the yell 
was being filled, and entirely prevented any loss of sugar by inversion. 

The carbonate was made by forcing carbonic acid gas by the aid 
of a pump into thin milk of lime. The injection pipe was perforated 
and lay along the bottom of a 10 by 10 foot tank containing the milk 
of lime. The gas was produced by burning coke in a small furnace. 
When the lime showed but a slight alkaline reaction it was run off 
into a large hole in the ground where the water soon drained away, 
leaving the carbonate nearly dry. 

EXPERIMENTS WITH DEFECATION. 

On SeptenToer 1 filtration Avas dispensed with and experiments tried 
with simple defecation. The defecators were similar to those in 
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ordinary use, being simply round tanks with conical bottoms and 
furnished with coils for heating the juice. This method of defecation, 
however, was not satisfactory, and defecation was tried in a shallow 
pan 16 feet long and 26 inches wide, with a partition running length- 
wise in the center, the inle.t and outlet for the juice being on the 
same end of the pan on opposite sides of the partition. 

This pan was gotten up very hurriedly and was supplied with iron 
.pipes for heating the juice. The juice, after being previously limed 
and somewhat heated, was pumped into one side of the long heating 
pan and run out at the opposite side continuously. 

Being compelled by the center partition to flow down one side and 
back on the other, the juice made a circuit of 32 feet. The steam 
was so regulated that during the first 16 feet it was gradually brought 
to the boiling point, while in the opposite side it boiled vigorously. 
In this way a strong current was produced which carried all the im- 
purities in the form of scum to the quiet portion of the juice, where 
it was removed and returned to the iDattery, thus avoiding all waste 
and annoyance from this source. 


EVAPORATION. 

The juice was evaporated to from 20° to 30° Baume, in a double- 
effect evaporator built by the Pusey &’ Jones Company, of Wilming- 
ton, Del. This apparatus gave perfect satisfaction. All the evap- 
oration was done by exhaust steam of 4 pounds pressure, a small 
amount of live steam being used only when part of the machinery 
was stopped. 

EXPERIMENTS IN BOILING TO GRAIN. 

f 

Ev^y strike was boiled to grain in the pan. Several experiments 
were made to ascertain the result in boiling ^^in and in,” the juice 
being enriched by the addition of sugar made from previous strikes. 
It is very doubtful, however, whether this is to be recommended, 
excepting when the juice is so poor that a good grain can not be ob- 
tained in any other way. 

Owing to the fact that we were unable to secure a sufficient supply 
of cane the work progressed very irregularly. Only twice during 
the entire season was the battery kept in operation continuously for 
twenty hours, and during the sugar-making season the diffusion 
battery was emptied sixty-two times. This entailed no inconsider- 
able loss, amounting to from 1 to 2 tons of clean cane each time a 
stoppage occurred. 

CANE WORKED FOR SUGAR. 

The total amount of cane worked for sugar was 2,610 tons. In 
this is included all that was used for experiments in filtration and 
defecation during the first part of the season. I have no record of 
the exact amount lost in this wa^^. The total amount of first sugar 
made was 235,476 pounds. This sugar was all Txashed, and polarized 
on an average 96 per cent. The total amount of molasses produced 
was 51,000 gallons. 

/ 

TRIAL RUNS. 

In order to ascertain as nearly as possible the average yield of 
sugar per ton of cane two trial runs were made. 
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On September 15 a strike was made from 133 tons of clean cane. 
In order to obtain a better grain 2,600 ponnds of sugar were added to 
the juice after it had been defecated; 2,200 ponnds of juice were 
drawn from each cell. 

The following is a record of this experiment : 


Sucrose in mill, juice from chips 
Glucose in mill, juice from chips . 
Solids not sugar, juice from chips 

Ratio of sucrose to glucose 

Co-efficient of purity 

Sucrose in diffusion juice 

Glucose in diffusion juice 

Solids notsugar, diffusion juice. . 

Ratio of sucrose to glucose 

Co-ehlcient of purity 

Sucrose in defecated juice 

Glucose in defecated juice 

Solids not sugar, defecated juice. 

Ratio of sucrose to glucose 

Co-efficient of purity . . 


10 

3.41 

3.20 

2.94 

60.3 
7.91 
2.60 
2.59 

3.04 

60. 4 
8.34 

2.4 

2.46 

3.47 
63.6 


Total weight of first sugar ' 

Sugar added to juice 

Total yield of first sugar 

Total yield of second sugar 

Total yield of molasses 

Yield per ton: 

First sugar 

Second sugar 

Molasses 

First sugar polarized 

Second sugar polarized ■* 

Temperature in battery was between 75 and 80 C. 


pounds. . 

. . .do. . . . 

17, 608 
2,600 

. . .do. . . . 

15, 008 

. . . do .... 

2, 33 

gallon s . . 

2,22 

pounds . . 

. . . do . . . . 

113 

17.5 

gallons. . 

15.5 

93 


88.7 


SECOND TRIAL. 


Eighty-six tons of clean cane were worked — 54 tons on October 1 
and 32 tons on October 2. All was boiled in one strike. No anal- 
yses were made on October 2, and nnfortunately the^ complete data 
can not therefore be given. The juice was not enriched as in the 

previous trial. 

The following are the results : 


yield of first sugar . . . 
yield of second sugar. 

Yeld of molasses 

Yield per ton: 

First sugar 

Second sugar 

Molasses 

Firfib sugar polarized. . 
Secaid sugar polarized 


pounds 
. . . do . . 
gallons 


pounds 

. . . do . . 

gallons 


9,292 

1,988 

1,462 

108 

23 

17 

97 

88 


average yield op sugar. 

Malving a fair allowance for cane and juice lost in experiments 
ing tie first part of the season, the average yield of first sugars will 
be fuTy 100 pounds per ton, polarizing 97. A strike of average mo- 
lasses foiled to string proof yielded 12^ per cent, of the wei^it or the 
masse mite in sugar, containing 88 per cent, of sucrose. This is at 
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the rate of 28 pounds per ton of cane. Had the entire crop been 
boiled for seconds the average yield per ton of cane would not have 
been less than 128 pounds of sugar and 16 gallons of molasses. From 
a fipancial standpoint the advantage of working for seconds dejjends 
entirely on the sirup market. In my judgment it would not have 
paid this season, as the market is better than for years past. The 
entire product of 51,000 gallons has already been sold at a good price. 

AVAILABLE SUGAR. 

It is at once apparent that the old method of calculating available 
sugar must be abandoned. According to this rule there would be 
but 61.6 pounds available sugar per ton of cane in the diffusion juice 
of the first trial, when as a matter of fact 130 - 2 - pounds were obtained. 
It would therefore seem that instead of preventing an equal weight 
of cane sugar from crystallizing, the glucose and other solids not 
sugar in the juice prevented only two-fifths of their w'eight of cane 
sugar from crystallizing. This is also borne out by the data furnished 
by the analysis of the juices during the entire season. 

Average analyses from tables prepai^ed by Dr. Crampton. 


For week ending — 


September 17 

September 24 

October 1 

October 9 

October 19 

Average for season 


Mill juices. 

! jidliision juices. 

Total 




1 

1 



sugar 



i 

,| — , 
! 



j '.exhanst 

Brlx. 

Sucrose. 

Glucose. 

j Brix. 

1 

Sucrose, 

Gluco^iC. 

chips,. 

19. 9 

1 9.99 

i 

3. 46 

1 ■ 

12.8 

7. 74 

2, 28 

.99 

17.3 

I 9. 93 

3. ,52 

I 12.2 

6.88 

2. 35 

.96 

19.4 

9.41 

8.24 

10. 9 

6. 34 

/V. i^.L 

■ . 63 

19.4 i 

9. 99 

3. 38 

j 11.0 

6. 60 

2. 31 

.98 

14.9 ' 


2. 98 

1 

i 

6.3S j 
1 

1.90 

1.10 

IG. 3 

9.G7 

1 3.31 

1 

11.4 j 

6.79 j 

2. 21 

,93 


i 


Average ratio of sucrose to glucose in mill Juices 

Average co-efficient of purity of mill juices 

Average ratio of sucrose to glucose in diffusion Juices • 

Average co-efficient of purity of diffusion juices 


2.92 
59.3 
3. 07 
59.5 


The above table discloses tv/o very important facts: 

(1) The very uniform condition of the cane throughout the entire 
season. ^ 

(^) By the use of a small quantity of carbonate of lime in the cells 
the inversion of cane sugar is entirely jir evented. 

amount of sugar left in the chips is largcT than it ought to be. 
previously stated, to the bad sliape of some of the chips. 
Tor this leason tne juice was also more dilute, as larger charges had 
to be drawn in order to get a more complete extraction. Up to Sep- 
tember 22 the amount drawn was 2,200 pounds. From this to Octo- 

bei 4, 640 pounds, a.nd from October 4 to the end of the season 2.420 

pounds wmre drawn. 

The temperature of the battery was maintained near 80'' C. 


EFFECT OF HEAT. 

^ In order to determine the amount of inversion taking place wlian the 
]uice was evaporated to sirup, in an open pan, the following (xperi- 
ments were made. Juice wms boiled dowm in the open pan used for 
ae-iecating, and samples taken at different intervals. 
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The following are the analyses: 


j TJl’ix. 

i 

S’.icrose. 

Glu(;ose. ^ 

(■rose 

13.0 

' ■ 

8.C^. 

1 

2.39 ' 

3. 38 

21. 7 

13. 49 

3.87 : 

3.48 

27.7 

33. 30 

9. ,50 

3. 50 


37. 20 

11,30 i 

3.27 


41.10 

lost. i 



[Trial on Porter’s evaporator.] 


t 


Sucrose. 


! Glucose. 

I 


Ratio of sucrose 
t^> glucose. 


i I I 

G.71 ' 2.04 1 3.44 i 

31). ‘20 ' 11.80 ! 3.32 i 

50.00 ; 15.20 : . 3.21 1 

51.00 i 15.88 i 3.21 i 

I I 


The juice in both cases was made as nearly neutral with lime as 
possible. 

It seems from the above that the invertive action of the heat has 
been greatly overestimated, and that when the juice is not acid no 
appreciable inversion takes place even when the juice is reduced to 
a moderately heavy sirup in an open pan. 

Ihom Mr. Parkinsords report it will be seen that the loss in leaves 
anol sheaths amounted to about 11 per cent, of the weight of the 
topped cane. This loss can no doubt be somewhat reduced when the 
cleaning machines become better adapted to the work. 

According to a number of trials with freshly-cut cane the weight 
of leaves and slieaths amoimted to ,10 per cent, and the seed tops to 
15 per cent, of the weight of the whole plant. Late in the season 
when the leaves become dry this proportion is of course considerably 
less. 

COST OF A FACTORY. 


A very important fact to determine is the capacity and cost of a 
factory that will work the cane most economically. There can be 
no doubt but the advantages are greatly on the side of the large 
factory. The oflBce expenses and cost of management will be but 
little, if any, greater. All the machinery required in a large factory 
is equally necessary in a small one, and the proportionate price of 
this ma'chinery is in favor of the larger factory. In other words, a 
factory working 200 tons of cane per day will cost much less than 
double the cost of a factory working 100 tons. Again, the cost of 
operating a large factory is proportionately much less. It takes no 
more men to operate a diffusion battery with a capacity of 200 tons 
of cane than one half as large, and this is true of the larger part of 
the machinery in the factory. A point may of course be reached 
where the size of the machinery becomes too large for economical 
working, and when the amount of cane needed for working will be 
greater than can bo grown within easy reach of the factory. 

Judging from our present knowledge, a factory capable of working 
from 200 to 250 tons of cleaned cane per day seems the most desirable. 
This would require a diffusion battery of 12 cells, each cell having a 
capacity of 112 cubic feet. The evaporating apparatus should have 
a capacity of 250 tons of water per day and a strike pan with a pro- 
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portionate capacity. The cost of such fnachinery will, of course, 
depend 'largely on its kind and quality, and can he readily obtained 
from any reliable manufacturer. The cost of a factory is almost 
always underestimated, owin^ to many items which aie not taken 
into account. The capital for building a factory of the above capacity 
should not be less than $100,000 to $125,000, anything below being 
certainly unsafe. ISTothing but the best machinery should be used 
and every precaution should be taken to prevent breakage of ma- 
chinery and to be able to make repairs quickly by having duplicate 
jiarts of such machinery as are liable to break. There is no manu- 
facture which depends more for its success on the proper working of 
the machinery than the sugar industry. 

COST OF WORKING. 

The success of this industry does not depend altogether on how 
much sugar can be produced per ton of cane, but the cost of this pro- 
duction must also be considered. 

There is no doubt but that $2 per ton for working cane are suffi- 
cient to cover all legitimate expenses connected with the manufacture. 

UTILIZATION OF THE EXHAUST CHIPS. 

It will soon become a matter of necessity to dispose in some way 
of the exhausted chips from tlie battery. 

The great amount of tliis material accumulating about the factory 
makes it imperative that they be utili?md in some way. Three meth- 
ods of disposition have been suggested: (1) To return them to the 
land as a fertilizer; (2) to use them for luel; (3) to manufacture into 
paper pulp. One of the last two methods will no doubt be adopted. 
Some experiments in using for fuel were made during the season. 
A large portion of the water was pressed out by passing the chips 
through a 3-foot cane-crusher. The chips dropped from the last roll 
into a hopper, from which they were taken up by a suction-fan and 
blown over to the boiler-house. This method of handling the chips 
has many features to recommend it. It is very simple, and, besides, 
the chips are dried somewhat by being subjected to the strong cur- 
rent of air. No doubt the making of paper pulp from the chips will 
become the most profitable disposition to make of them. The cane, 
after being reduced to fine chips and thoroughly washed in the dif- 
fusion battery, is certainly in an excellent condition for this work. 
No attempts have been made, as far as I know, to make paper pulp 
on a large scale from this source, but very fine samples of pure white 
pulp have been made in a small way. This matter is certainly de- 
serving of thorough investigation. 


NEELS OF THE INDUSTRY. 

One of the greatest difficulties which will be encountered by those 
engaged in developing this industry will be the scarcity of men 
capable of operating factories. This will be the most serious hin- 
drance to rapid development, as nothing but time can produce men of 
the requisite experience. The establishment of a school for training 
young men in this Vvmrk would be of inestimable value. Here they 
should receive thorough technical training, which should be supple- 
mented with a drill in the factories while the;)" are in operation. 
This would in a short time develop a number of men capable not 
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only of taking charge of a factory, hut also qualified to conduct in- 
dependent research, which, in ^o fruitful a field, could not but result 
'in great good to the industry. 

The improvement of the sorghum cane is also one of the subjects 
which should receive immediate attention. 

Although very little has been attempted in this line, enough has 
been done to show that the cane sugar is greatly increased by good 
culture, and that it* is susceptible of very great improvement by the 
various methods known to scientific agriculture there can be no 
doubt. The idea that sorghum cane will grow anywhere and do well 
with any kind of treatment is one of the main causes of poor cane. 
Instead of receiving thorough culture, it generally gets only such- 
attention as can be spared from the other crops. If the price paid 
for cane could be regulated by the actual amount of sugar it con- 
tained, the farmer would soon find it to his advantage to devote 
more time to his cane-field. 

The establishment of a sugar refinery within easy reach of the 
sorghum-sugar factories will be one of the imperative needs in the 
near future. The demand for any kind of sugar but white granu- 
lated is comparatively limited. The sugar produced at Fort Scott 
averaged within per cent, of being as pure as the best granulated, 
while the selling price has been about bj cents per pound less, or a 
difference of about 25 per cent. The most feasible manner of con- 
ducting the refinery, at least in the near future, will be to supply 
one or more factories Avitii the additional appliances needed, and 
when the season's v>^ork is over the sugar from a number of factories 
could be refined there duiang the balance of the year. 


CONCLUSIONS. 

In reviewing the work the most important point suggested is the 
complete success of the experiments in demonstrating the commer- 
cial practicability of manufacturing sugar from sorghum cane. 

(2) That sugar was produced uniformly throughout the entire sea- 
son. 

(3) That this was not due to any extraordinary content of sugar in 
the cane, but, on the contrary, the cane was much injured by (Severe 
drought and chinch-bugs. 

(4) That the value of the sugar and molasses obtained this year per 
top of sorghum cane will compare favorably with that of the highest 
yields obtained in Louisiana from sugar-cane; and, takinginto con- 
sideration the much greater cost of the sugar-cane, and that it has no 
equivalent to the 2 bushels of seed yielded per ton of sorghum cane, 
also our much cheaper fuel, I say without hesitancy that sugar can 
be produced fully as cheaply in Kansas as in Louisiana, 

M. Swenson. 


SUMMARY OF CHEMICAL WORK DONE AT FORT SCOTT, 1887, UNDER 
DIRECTION OF THE CHEMIST OF THE DEPARTMENT. 

[By C. A. CfiAMPTOx and N. J. Fake.] 

Analyses were begun on the 3d of September, but a full chemical control of the 
work was not established until the 8th. 

Samples of the fresh chips, diffusion juices, and exhausted chips were taken in 
the usual way, gi’eat care being taken to have them represent as accurately as pos- 
sible the mean properties of the several substances mentioned. 


\ 




222 EEPOKT of the COMMTBSiOlNTER OF AORICULTUEE. 

- / ' 

Table 1. — Analyses, of juices of fresh chips. 

Number of analyses 55 

Sucrose : Per cent. 

Mean 9. 54 

Maximum 11. 51 

Minimum 1 . 39 

Glucose : 

Mean 3.40 

Maximum * 6. 49 

Minimum 6.20 

Total solids (spindle) : 

Mean 16. 14 

Maximum 17. 18 

Minimum 13. 09 

Table 2 . — Diffusion juicos. 

.Number of analyses 51 

Sucrose : Per cent. 

Mean 6.68 

Maximum ; 8. 79 

Minimum 5. 05 

Glucose : 

Mean 2.26 

Maximum 3.07 

Minimum 1.75 

Total solids (spindle) : 

Mean 11.08 

Maximum ; 13. 10 

Minimum 8. 64' 

Table 3 . — Exlutusted chips. 

Number of analyses. 29 

Both sugars i Per cent. 

Mean 1.03 

Maximum 1 . 83 

Minimum 49 

Table 4 . — Olarified juices. 

Number of analyses. 25 

Sucrose : Per cent. 

Mea 6. 91 

Maximum 8. 25 

Minimum 5.11 

Glucose : 

Mean 2.19 

Maximuju 2. 85 

alinimum 1.09 

Total solids (spindle) : 

Mean 11.31 

Maximum 13. 35 

Miniinion 8.94 

Table 5. — Sirups. 

Number of r nalv ses 14 

Sucro,-’?: Percent. 

Mean 29. 90 

Maximum 41. 90 

Minimum 16. -10 

Glu(X)se : 

Mean 10.06 

Maximuju. 16. 26 

Minimum 7,52- 
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Total solids (spin file): Percent. 

Mean 46. 03 

Maximum 60. 40 

Minimum 36. 30 


'tABLE 6 . — First sugars. ' 

Number oi analyses ^ . 38 

Sucrose I Per cent. 

Mean ■ 95.64 

Maximum 98. 10 

? !.;:;inum 93. 40 


Table ^.—Second sutgars. 

Number of analyses 3 

^jucrose: Per cent. 

Mean 85.80 

Maximum 88. 70 

Minimum , 83. 30 


The analyses of the molasses, masse cuites, and some other products are not yet 
complete, but will be given in full in Bulletin No. 18. 

The ratio of sucrose to glucose in the fresh chips and diffusion juices for the sea- 
son was as follows : 


Mill juice 1 : 2. 80 

Diffusion juice 1 : 3.95 


This would seem to show one of t^vo tilings, either tlnit there was absolutely no 
inversion in the battery or that the glucose in the cane was not so readily diffused 
as tiie sucrose. The latter hypothesis seenis to be borne out by the analyses of the 
exhausted chips, as shown in the following table of analyses : 


Sucrose and glucose in juice from exhausted, chips and corresponding diffusion juices. 


) 


Exhausted chips. 


Diffusion juices. 


Date. 



No. : Sucrose. 

! 

Glucose. 

1 i 

1 1 

No. 

Sucrose. 

Glucose. 


j 

; Per cent. 

! ; 

i Per cent. 


Per cent. 

Per cent. 

Oct. 8 

243 : .78 

fc. i 

i : 

2A7 1 

5.90 

i 3.06 

Oct. 11 

260 ' . 87 

! .51 1 

259 

6. 58 

i 2. 09 

Oct. 12 

2G7 . 63 

i .29! 

266 , 

' 6. 17 

i 2. 03 

Oct. 13 

; 280 ' .95 


279 

5.97 

1.80 

Oct. 14 

1 289 ! .52 

! .24 j 

288 

6.02 

1.80 

Oct. 15 

1 .294 1 .75 

1 -27 j 

293 ! 

5. 66 

1.75 

Oct. 18, 

j 313 , .99 

.43 1 

312 1 

5. 66 

2. 02 

Average 

! .78 

.40 j 

1 

5.99 

2. 09 


j 1 






ABSTRACT OF REPORT OF E. B. COWGILL. 


HISTORICAL SKETCH. 

The sorghum ])lant was introdiTced into the United States in 1853-A4 
by the Patent Office, which then embraced all there was of the United 
States JhepcTtment of Agricnltnre. Its jiiice was known to be sweet, 
and chemists were not long in discovering that it contained a consid- 
erable percentage of some substance giving the reactions of cane 
sugar. The opinion that the reactions were due to cane sugar re- 
ceived repeated confirmations in the formation of true cane-sugar 
crystals in sirups made from sorghum. Yet the small amounts that 
were crystallized^ compared with the amounts present in the juices 
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as shown by the analyses^ led many to believe that the reactions 

were largely due to some other substance than cane sugar. ' - 

\ 

EARLY INVESTIGATIONS OF THE UNITED STATES DEPARTMENT OP 

AGRICULTURE. 

During the years 1878 to 1882, inclusive, while Dr. Peter Collier 
was chief chemist of the Department of Agriculture, much attention 
was given to the study of sorghum juices from canes cultivated in 
the gardens of the Department, at Washington. Dr. Collier became 
an enthusiastic believer in the future greatness of sorghum as a 
sugar-producing plant, and the extensive series of analyses published 
by him attracted much attention from sugar-makers in the South 
and students of the chemistry of sugar throughout the country. 

SUGAR FACTORIES ERECTED IN KANSAS. 

Stimulated by the analytical results published by Dr. Collier, in- 
terested parties erected large sugar factories and provided them with 
costly appliances. Hon. John Benny worth erected one of these at 
Lamed, in this State. S. A. Liebold &; Co. subsequently erected one 
at Great Bend. Both of these factories made some sugar, both lost 
money, and both quit the business. 

Sterling and Hutchinson followed with factories which made con- 
siderable amounts of merchantable sugar at no profit, 

' INFORMATION GAINED. 

Much valuable information was developed by the experience in 
these several factories, but the most important of all was the fact 
that, Avith the best crushers, the average extraction did not exceed 
halt of the sugar contained in the cane. 

FURTHER AVORK OF THE UNITED STATES DEPARTMENT OF AGRI- 
CULTURE. 

Ill 1883, Prof. H. W. Wiley, chief chemist of the Department of 
Agriculture, made an, exhaustiA^e series of practical experiments in 
the laboratories of the Department on the extraction of the sugars 
from sorghum by the diftusion process. His report sums up the re- 
sults of his experiments as folloAvs: 

(1) The extraction of at least 85 per cent, of the total sugars present was secured. 
In many of the experiments, as will be seen by consulting the table, scarcely a 
trace of sugar could be detected in the exhausted chips. 

(2) The production of a quantity of meiada represented by from 10.9 to 12.28 per 
cen t. of the weight of the cane diffused. 

This was secured with o. cane in Avhich the total sugars did not excede 11. G8 per 
cent. The percentage (^f meiada by this process will be found just about equal to 
the per cent, of total sugars in the cane. 

It ought to be greater witli a more perfect extraction, but I am. speaking only of 
results actually obtained. 

This yield is just about double that obtained by the large factories at Rio Grande, 
Champaign, and other places. 

(o) The production of a juice of great purity, wdiich lends itself easily to. pro- 
cesses of depuration. 

I consider the experiments, however, to have their chief value in the fact that they 
will call the attention of cane-growers to the advantages which a rational system 
of -liffusion will have over pressure in the extraction of the saccharine matter. 

I hope t') be able at the end of another season to report further progress in this 
interesting j)roblem. 
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In the present condition of the sorghum-sugar industry, in which it has alike to 
be protected from the over zeal of its friends and the opposition of its enenaies, the 
process of diffusion offers the most promising outlook for success. It therefore 
seems the duty of this division to make a more practical test of this process and on 
a larger scale. 

To make tlie necessary further experiments with diffusion required 
the .expenditure of large sums of money. As already shown, the 
private companies had - lost heavily. They were utterly unable to 
complete the experiments so hopefully begun by the Department of 
Agriculture, 

ANOTHER APPROPRIATION. 


In 1885, Senator Plumb again labored for an appropriation for ex- 
periments with diffusion. Fifty thousand dollars for this purpose 
was again added to the agricultural appropriation bill, on the amend- 
ment of Senator Plumb. This was expended at Ottawa, Kans., and 
in Louisiana. The report of the work at Ottawa closes as follows: 


(1) By the process of diffusion 98 per cent, of the sugar in the cane was extracted, 
and the yield was fully double that obtained in the ordinary way. 

(2) The difficulties to be overcome in the application of diffusion are wholly me- 
chanical. With the apparatus on hand the following change are necessary in order 
to be able to work 120 tons per day: (a) The diffusion cells should be made twice as 
large as they now are; that is, of 130 cubic feet capacity, (b) The opening through 
which the chips are discharged should be made as nearly as possible of the same 
area as a horizontal cross-section of the cell, (c) The forced feed of the cutters re- 
quires a few minor changes in order to prevent choking, (d) The apparatus for 
delivering the chips to the cells should be remodeled so as to dispense with the labor 
of one man. 

(3) The process of carbonatation for the purification of the juice is the only method 
which will give a limpid juice with a minimum of waste and a maximum of purity. 

(4) By a proper combination of diffusion and carbonatation the experiments have 
aemonstrated that fully 95 per cent, of the sugar in the cane can be placed on the 
market either as dry sugar or molasses. 

(5) It is highly important that the Department complete the experiments so suc- 
cessfully inaugurated by making the changes in the machinery mentioned above 
and by the erection of a complete carbonatation outfit. 

Respectfullv, 

H. W. Wiley, Chemist 


The report of 1885 showed such favorable. results that iii 1886 the 
House made an appropriation of $94,000, to be used in Louisiana, 
hTow Jersey, and. Kansas. A new battery and complete carbonatation 
apparatus were erected at Fort Scott. About $60,000, of the appro- 
priation was expended here in experiments in diffusion and carbona- ’ 
tation. 

In his report Dr. Wiley arrived at the following conclusions: 

In a general review of the work the most important point suggested is the abso- 
lute failure of the experiments to demonstrate the commercial practicability of 
manufacturing sorglium sugar. The causes of this failure have been pointed out 
in the preceding pages, and it will only be necessary here to recapitulate them. 
They were : 

(1) Defective machinery for cutting the canes and for elevating and cleaning the 
chips and for removing the exhausted chips. 

(2) The deterioration of the cane due to much of it becoming overripe, but chiefly 
to the fact that much time would generally elapse after the canes were cut before 
they reached the diffusion battery. The heavy frost which came the first of Octo- 
ber, also injured the cane somewhat, but not until ten days or two weeks after it 
occurred. 

(3) The deterioi’ated cane caused a considerable inversion of the sucrose in the 
battery, an inversion which was increased by the delay in furnishing chips, thus 
causing the chips in the battery to remain exposed under pressure for a much longer 
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time than was necessary. The mean time required for diffusing one cell was 
twenty-one minutes, three times as long as it should have been. 

(4) The process of carbonatation, as employed, secured a maximum yield of 
sugar, but failed to make a molasses which was marketable. This trouble arose 
from the small quantity of lime remaining in the filtered juices, causing a blacken- 
ing of the sirup on concentration, and the failure of the cleaning apparatus to prop- 
erly prepare the chips for diffusion. 

the; present state; of the industry. 

The experiments in making sugar from sorghum, which, as above 
shown, have been in progress for seve’ al years at the expense of pri- 
vate capital and the United States Department of Agriculture, have 
this year reached so favorable results as to place the manufacture of 
so^hum sugar on the basis of a profitable business. 

The success has been due to, first, the almost complete extraction 
of the sugars from the cane by the diffusion process; second, the 
prompt and proper treatment of the juice in defecating and evapo- 
rating; third, the efficient manner in which the sugar was boiled to 
grain in the strike-pan. That these results may be duplicated and 
improved upon will be readily understood from the showing made in 
Mr. Parkinson’s report, and the descriptions of methods and processes 
used, and the discussion of the same as they appear in the subsequent 
pages of this paper. 


[Abstract of report of W. L. Parkinson.] 

To the Board of Directors ParMnson Sugar Company : 

Gentlemen : I respectfully submit for your consideration the f ollowing report of 
the operations of the works of your company for the season just closing ; 

It is provided in our contract with the United States Department of Agriculture 
that certain experiments in sugar-making shall be made by the Department with 
certain machinery of its own and at its own expense, using the company’s plant 
and machinery. * * * 

As you are aware, the crop of cane contracted for last spring was very much less 
than the capacity of our works to consume. It was considered prudent to limit 
our danger from loss, by reason of the experimental nature of the work, and at 
the same time to have sufficient cane to determine thoroughly the value of the 
work on a practical manufacturing basis. This has been done, though it is now 
apparent that had the crop been twice as large, the expenses for working it would 
have been relatively much less. Indeed, a crop double the size of the one just fin- 
ished could have been worked in about the same time, and at a comparatively trifling 
additional expense. The plans, methods, and processes which have made the work 
of the season successful beyond our most sanguine expectations, were adopted early 
• in the season, so that the risks incident to experiments taken into account when 
contracting for a crop were reduced to the minimum. The fact that iit least a por- 
tion of these highly successful processes were not tried and adopted last season was 
no fault of your company, nor of any one connected with this season’s work. 

To arrive at the cost per ton of cane worked, let us take the working of a single 
average day, when in full operation, and apart from the cost of experiments referred 
to, 

The capacity of our factory, aside from deficient centrifugals, is limited to the 
capacity of the diffusion battery. Working twenty-two hours per day, this battery 
can comfortably handle 135 tons of chips or cleaned cane. This represents a capac- 
ity of field cane, or cane with seed tops and blades, of about 170 tons. To handle 
this, aside from curing and handling seed, cost us per day of twenty-two hours,. 


when running regularly, as follows; 

1 weighmaster, at $2 $2! 00 

1 team, pulling cane onto storage racks, at $2. 50. 2. 50 

5 men, unloading and getting cane to cutters, 22 hours, at 12i cents 13. 75 

1 man, cuffing machine, at 15 cents 3.30 

l.man, cleaning machine, at 12J cents 2.75 

1 man, grinder, etc., at 15 cents 3. 30 

1 man, oiler^ at 16 cents - . , 3, 30 
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3 men, diffusion battery, 1 at car and 2 above, at 12^ cents $8. 25 

1 man, diffusion battery, director of battery, at 20 cents 4.40 

2 men, defecating, at 15 cents 6. 60 

2 juen, double effects, at 15 cents 6. 60 

1 man, strike-pan, at $5 5. 00 

1 man, hot room , at 12.^ cents $■ 

1 man, barreler, at 12^ cents 2. 75 

2 men, centrifugals, at 15 cents 6. 60 

1 man, machinist, at $3 3. 00 

2 men, engineers, at 20 cents 4. 40 

5 men, firemen, at 15 cents : 16.50 

2 men, roustabouts, at 124 cents 5. 50 

1 man, water-boy 2.00 

1 man, night .watch 1. 50 

2 men, foremen, at $2. 50 5. 00 


Total cost of labor 111.75 

Oil, etc 2* 50 

Coal, 23 tons slack, at 90 cents 20.70 


Total 


134; 75 


This makes the cost of working a ton of cleaned cane, with a factory of the 
capacity of ours, about $1 per ton for labor and fuel, or 90 cents per ton of field 
cane. The cost per ton for salaries, insurance, wear and tear, etc., must depend, 
of course, not only upon the size of the salaries and other general expense-s, but the 
number of tons worked. This plant, rated as above, is capable, in seventy days, of 
working 9,450 tons of chips, or 11,900 tons of field cane. There is necessarily con- 
siderable expense in preparing for the season’s work, and again in closing up. 
Allowing liboraUy for this and for the proper management and control or the 
works, w e may still bring our total expenses, outside tne cost of labor and fuel, at 
$1 x^er ton ujwn the above basis. Add to this the cost of labor and fuel, and we 
have |2 per ton as Jlie total cost per ton of working cleaned cane. These figures 
are fully verified by our pay-rolls, coal bills, and other expenses while working to 
our capacity during the .season, separated from expenditures in the completion 
and changing of machinery directly connected with experiments made. And t6 
work a factory with a capacity at least one-half greater than this one would re- 
quire very little additional expense except in the matter of fuel, and that would be 
relatively less. It seems to me a very conservative basis, with a factory of the 
capacity of ours, to place the actual cost of manufacture at $2 per ton of cane ; and 
with such a factory as I have indicated, and with a season of, say, seventy dam it 
is safe to place the cost of manufacture at considerably less than that sum. It re- 
quires but little figuring upon this basis, and with the cost of cane at $2 per ton, 
and the yield of cane and product secured this year, to show that we have here 
developed a business of great interest and profit to our State and nation. 

To run a factory at the maximum profit it must be operated constantly during 
the working season. The loss this season by reason of the irregular operation of 
the factory for want of sufficient cane was very considerable. During the whol6 
season the factory was operated but three whole days of twenty-twO hours each. 
Somo idea of the loss from this source may be gathered from the fact that not less 
than 2 tons of chips wore lost at each break in the operation of the diffusion bat- 
tery. Sixty-five such breaks or stoppages were maae while running for sugar. 
With a larger crop of cane and better arrangements for delivery upon the part of 
the larger contractors, but little or no d^culty from this source need be appre- 
hended in the future. 

Tons. 


Total cane bought .... 
Total seed tops bought 


3, 840 
437 


Total field cane 


4, 377 


This represents the crop, less about 30 tons of seed tops yet to come in, from 
about 450 acres of land. There w^ere something over 500 acres planted. Some of 
it failed to come at all, some “fell upon the rocky places, where they had not 
much earth, and when the sun was risen they w^ere scorched;^’ so that, as nearly as 
we can estimate, about 450 acres of cane w^ere actually harvested and delivered at 
the works. This w’^ould make the average yield of cane 0^ tons per ac>rej or ^9 per 
acre in dollars and cents, * * * 
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Of the total cane worked, 162 tons were consumed in experiments with our cut- 
ters a.nd cleaning machinery before the cai;ie was ripe enough for use for either 
sirup or sugar. No product whatever, not even Seed, was saved from this, nor 
from 10 tons additional brought in since the factory closed down. About 300 tons 
of mostly down and inferior cane was worked in the early part of the season on 
the crushers, and without diffusion. The only product from this was molasses, and 
of that but a small quantity. About 375 tons were also worke<l for molasses only 
on the diffusio7i battery. This, with the exception of 50 tons at the close of the 
season, and which came in too irregularly to be worked for sugar, was worked be- 
fore the sugar season began, and comprised sucli down patches and poorer quality 
of cane as could be gathered, mainly on the lands belonging to the company. It 
was an open question whether very poor cane could be worked successfully, ev^n 
for sirups, on a diffusion battery. Nothing in this direction had hitherto been 
attempted. The total yield of molasses from this source, and from which no 
sugar has been taken, is 4,157 gallons. From this are sold 3,157 gallons, foi* $726.71 
net. The remaining 1,000 gallons are still on hand, and are worth 25 cents per 


gallon. 

Tons. 

Deducting from tot^l tonnage, less seed ... 3, 840 

Amount not worked for sugar 897 

We have total cane and leaves for sugar 2, 943 


The total number of diffusion cells worked for sugar is 2,643. The weight of a 
cell of chips is 1,975 pounds. With this as a basis there was worked by diffusion 
for sugar 2,610 tons of clean cane as it entered the cells. Deducting this from 2,943 
tons of cane, with leaves and blades, and we have 333 tons of leaves and blades, 
The latter are to us a dead loss. A small portion has been hauled away by farmers 
for feed, but the bulk of this large tonnage is now fit only for manure. This waste 
was considerably increased by the failure of our separating machines, especially 
in the early part of the season, to proi^erly discharge their duties. This whole sul^r- 
ject was new; machines had to be devised, and their adjustment, which is not yet 
perfect, caused considerable loss of cane. The weight of blades and leaves will not 
be far from 10 per cent, of held cane. For either feed or fuel, especially where the 
latter is much of an object, the blades can be utilized so as to at lea^jt cover their 
own cost. At present we figure the loss from this source to seed account. 

SEED. 

There have been delivered of seed tops 437 tons. As nearly as we can estimate, 
there are yet to be delivered 30 tons, making in all 467 tons. From the best cal- 
culations we can make, and judging from our experience in former years, seed 
yields about 70 per cent, of the weight of heads, as bought in over the scales, in 
cleaned seed. Putting it at 60 per cent. , and with 56 pounds to the bushel, we shall 
have 10,000 bushels of cleaned seed. A portion of this, estimated at 1,000 bushels, 
has, at considerable additional expense, been picked over by hand, head by head' 
tied into small bundles, and hung up in the dry. This has been done to provide 
ourselves with pure seed of the different varieties for planting, and to supply a 
probable want in the same direction from othei s. For this hand-picked seed wo 
expect to get not less than $2 per bushel. Tlie cost of handling the seed has not 
been kept separate from the cost of running the facdory. The total cost of curing, 
stacking, and hand-picking will not be far from $700, fully $200 of which has been 
expended in securing pure and perfectly cured seed for ourselves anu others willing 
to pay the extra x^rice. To thrash and prex:)are the seed for market the seed will 
cost about 6 cents per bushel additional. I estimate that we shall get for our seed 
crop $7,000 net. There will be left of seed tops, after thrashing, fully 100 tons. 
These are good for feed or fuel. 

SIRUPS. 

The bulk of our sirups are stored in the large cistern or cellar under the ware- 
house. The amount on hand we estimate at 50,000 gallons. This includes the 
whole crox3, except the 3,157 gallons sold in early x')art of season. Of this we have 
sold, to be delivered within thirty days, and one car-load of wliichhas already gone, 
250 barrels, or about 12,500 gallons, at a price that will net us here 20 cents. This 
sale includes the bulk of our jjoorest sirups. I think we can safely estimate our 
sirup x)roduct, exclusive of x^ackages, at $10,000. Considering the condition of our 
faciorj" for work in cold weather, and the limited capacity of our centrifugal ma- 
chinery, I recommend their sale, without boiling for seconds. 

^ * # * * * 

W. L. Parkinson. 
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OUTLINE OF THE PROCESSES OF SUGAR-MAKING. 

As now developed, the processes of making sugar from sorghum^ 
are as follows: 

(1) The topped cane is delivered at the factory by the farmers who 
grow it. 

( 2 ) The cane is cut by a machine into pieces about 1|- inches long. 

(3) The leaves and sheaths are separated from the cut cane by fan- 
ning mills. 

(4) The cleaned cane is cut into fine bits called chij^s. 

(5) The chips are placed in iron tanks, and the sugar diffused’^ — 
soaked out with hot water. 

(6) The juice obtained by diffusion has its acids nearly or quite 
neutralized v/ith milk of lime, and is heated and skimmed. 

(7) The defecated or clarified juice is boiled to a semi-sirup in 
vacuum pans. 

(8) The semi-sirup is boiled ^^to grain” in a high vacuum in the 
strike^an. 

(9) The mixture of sugar and molasses from the strike-pan is 
passed through a mixing machine into centrifugal machines, which 
throw out the molasses and and retain the sugar. 

DETAILS OF THE PROCESSES OF SUGAR-MAKING. 

An account of the processes of sugar-making ought, doubtless, to 
begin with the planting and cultivation, grovrth, and ripening of the 
cane, for it is here that the sugar is made, hlo known processes of 
science or art, save those of plant growth, produce the peculiar com- 
bination of carbon with the elements of water which we call sugar. 
ISTot only is this true, but the chemist utterly fails in every attempt 
to so modify existing similar combinations of these elements as to 
produce cane sugar. It will be interesting here to note three sub- 
stances of nearly the same composition, viz, starch, sucrose or cane 
sugar, and glucose oi*' grape sugar. Their compositions are much 
alike, and may be stated as follows: 



Carbon. 

Water. 

starch* 

12 

10 

Cane sugar 

12 

11 

Grape sugar 

12 

12 


The chemical formulas for these compounds are: Starch, cane sugar, Ci^HoaOn; grape 

sugar, CflHiaOa; in which C represents an equivalent of carbon, H of hydrogen, and O of oxygen, or 
HaO an equivalent of water. 

The chemist produces glucose, or grape sugar, from cither starch 
or sugar by treatment with acid, but all attempts have failed to pro- 
duce cane sugar from either starch or grape sugar. 

THE FARMER THE REAL SUGAR-MAKER. 

The farmer, then, or perhaps more accurately the power which im- 
pels the plant to select and combine in proper form and proportions 
the three elements, carbon, hydrogen, and oxygen, is the re^ sugar- 
maker. All after processes are merely devices for separating the 
^ sugar from the other substances with which it grows. 


A' 
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HOW IS THE SUOAR FORMED IN THE OANE? 

The process of the formation of sugar in the cane is not fiilly deter- 
mined; but analyses of canes made at different stages of growth 
show that the sap of growing cane contains a soluble substance hav- 
ing a composition and giving reaction similar to starch. As maturity 
approaches, grape sugar is also found in the juice. A further ad- 
vance towards inaturity discloses cane sugar with the other sub- , 
stances, and at full maturity perfect canes contain much cane sugar 
and little grape sugar and starchy matter. 

In sweet fruits the change from grape sugar to cane sugar does not ' 
take place, or takes place but sparingly. The grape sugar is very 
sweet, however. 

INVERSION OR CHANGE OF CANE SUGAR INTO GRAPE SUGAR. 

Cane sugar, called also sucrose or crystallizable sugar, when in di- 
lute solution, is changed very readily into grape sugar or glucose, a 
substance which is much more difficult than* cane sugar to crystallize. 
This change, called inversion, takes place in overripe canes; it sets 
in very soon after cutting in any cane during warm weather; it occurs 
in cane which has been injured by blowing down or by insects or by 
frost, and it probably occurs in cane which takes a second growtn 
after nearly or quite reaching maturity. 

Inversion will be further considered in another place. 

THE farmer’s PART MOST IMPORTANT OF ALL. 

Since sugar is produced only by nature’s processes of growth and 
is easily lost through inversion, it is evident that the farmer’s part in 
the process of sugar-making is first and most important of all. It is 
a subject which invites most careful, scientific, and practical attention, 
and will be further considered under the subject ‘‘Improving the 
cane. ” 

It is apparent from what has already been said that to insure a sue- . 
sessful outcome from the operations of the factory the cane must be 
so planted, cultivated, and matured as to make the sugar in its juice: 
that it must be delivered to the factory very soon after cutting; and 
that it must be taken care of before the season of heavy frosts. 

THE WORK AT THE FACTORY. 

THE FIRST CUTTING. 

The operations of the factory are illustrated in the large drawing, 
to which the reader is referred in tracing the successive steps. The 
first cutting is accomplished in the ensilage or feed-cutter. This 
cutter is provided with three knives, fastened to the three spokes of 
a cast-iron wheel, which makes about 250 revolutions per minute, 
carrying the knives with a shearing motion past a dead knife. By 
a forced feed the cane is so fed as to be cut into pieces about li inches 
long. This cutting frees the leaves and nearly the entire sheaths 
from the pieces of cane. By a suitable elevator the pieces of cane, 
leaves, and sheaths are carried to the second floor. 

THE CLEANING. 

The elevator empties into a hopper, below which a series of four 
or five fans is arranged one below the other. By passing down 


■m 
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through these fans the cane is separated from the lighter leaves nxuch 
as grain is separated from chaif . The leaves are blown away^ and 
finally taken from the building by an exhaust fan. This separation 
of the leaves and other refuse is essential to the success of the sugar- 
making, for in them the largest part of the coloring and other dele- 
terious matters are contained. If carried into the diffusion battery 
these matters are extracted (see reports of Chemical Division, U. S. 
Department of Agriculture), and go into the juice with the sugar. 
As already stated, the process of manufacturing sugar is essentially 
one of separation. The mechanical elimination of these deleterious 
substances at the outset at once obviates the necessity of separating 
them later and by more difficult methods, and relieves the juice of 
their harmful influences. From the fans the pieces of cane are de- 
livered by a screw carrier to an elevator, which discharges into 

THE FINAL CUTTING-MACHINE 

on the third floor. This machine consists of an 8-inch cast-iron cyl- 
inder with knives like those of a planing-machine. It is really three 
cylinders placed end to end on the same shaft, making the entire 
length 18 inches. The knives are inserted in slots and held in place 
with set-screws. The cylinder revolves at the rate of about 1,200 
per minute, carrying the knives past an iron dead knife, which is 
sei so close that no cane can pass without being cut into fine chips.* 
From this cutter the chips of cane are taken ^ an elevator and a 
conveyor to the cells of the diffusion battery. The conveyor passes 
above and at one side of the battery, and is provided with an open- 
ing and a spout opposite each cell of the battery. The openings are 
closed at pleasure by a slide. A movable spout completes the con- 
nection with any cell which it is desired to fill with chips. 

WHAT IS DIFFUSION? 

The condition in which the sugars and other soluble substances 
exist in the cane is that of solution in water. This sweetish liquid 
is contained, like the juices of jjlants generally, in cells. The walls 
of these cells are porous. It has long been known that if a solution 
of sugar in water be placed in a porous or membranous sack and the 
sack placed in water, an action called osmose takes place, whereby 
the water from the outside and the sugar solution from the inside of 
the sack each pass through until the liquids on the two sides of the 
membrane are equally sweet. Other substances soluble in water be- 
have similarly, but sugar and other readily crystallizable substances 
pass through much more readily than uncrystallizable or difficultly 
crystallizable bodies. To apjjty this property to the extraction of 
sugar the cane is first cut into nne chips, as already described, and 
put into the diffusion cells, where water is applied and the sugar is ^ 
displaced. 

WHAT HAS TAKEN PLACE IN THE DIFFUSION CELLS. 

For the purpose of illustration, let us assume that when a cell has 
been filled with chips just as much water is passed into the cell as 
there was juice in the chips. The process of osmose or diffusion sets 
in, and in a few minutes there is as much sugar in the liquid outside 
of the cane cells as in the juice, in these cane cells; i. e., the water 
and the juice have divided the sugar, each taking half. Again, as- 
sume that as much liquid can be drawn from one as there was water 

*This machine is the devige of Mr. H. A. Hughes. 
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added. It is plain tliat if th.6 osmotic action is complete tlie liq uid 
drawn off will be half as sweet g,s cane juice. It has now reaped 
tresh chips in two, and again equalization takes place. Half of the 
sugar from one was brought into two, so that it now contains li por- 
tions of sugar, dissolved in 2 portions of liquid, or the liquid has 
risen to f of the strength of cane juice. This liquid having f strength 
passes to three, and we have in three If portions of liquid, or after 
the action has taken place the liquid in three is ^ strength. One 
portion of this liquid passes to four, and we have portions of 
sugar in 2 portions of liquid, or the liquid becomes strength. One 
portion of this liquid passes to five, and we have in live l i^~ portions 
of sugar in 2 portions of liquid, or the liquid is U strength. It is 
now colled juice, and is drawn off and subjected to the processes of 
the subsequent operations of the factory. From this time forward 
a cell is drawn for every one filled. 
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^ Ihroughout the operation the temperature is kept as near the boil- 
ing point as can be done conveniently without danger of filling some 
of the battery cells with steam. Diffusion takes place more mpidly 
at high than at Ioav temperatures, and the danger of ferraentation 
with the consequent loss of sugar, is avoided. The procesa will be 
readily understood from the above diagram, in which the columns 
represent the cells of the battery, the numbers at the left the num- 
ber of diffusions; tv, water; Z, liquid in the cells, or passing through 
them, andj^, juice to be drawn. 

INVERSION OF SUGAR IN THE DIFFUSION CELLS. 

In the experiments at Fort Scott in 1886 much difficulty was ex- 
perienced on account of inversion of the sugar in the diffusion bat- 
tery. The report shows that this resulted from the use of soured 
cane and from delays in the operation of the battery on account of 
i^I^rfect vrorking of the cutting and elevating machinery, much 
01 which was then experimental. Under the circumstances, however. 
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it Ibecame a matter of the grayest importance to find a method of 
preventing this inversion without in any manner interfering with 
the other processes. On the suggestion of Professor Swenson a 
portion of freshly precipitated carbonate of lime was placed with 
the chips in each cell. In the case of soured cane this took up the 
acid which otherwise produced inversion. In case no harmful acids 
were present this chalk was entirely inactive. Soured canes are not 
desirable to work under any circumstances, and should be rejected 
by the chemist and not allowed to enter the factory. So, also, delays 
X)n account of imperfect machinery are disastrous to profitable man- 
ufacturing and must be avoided. But for those who desire to ex- 
periment with deteriorated canes and untried cutting machines, the 
addition of the calcium carbonate provides against disastrous results 
which would otherwise be inevitable. 

CLARIFYII^^G OR DEFECATING THE JUICE. 

Immediately after it is drawn from the diffusion battery the juice 
is, taken from the measuring tanks into the defecating tanks or pans. 
These are large, deep vessels, provided with copper steam coils in the 
bottom for the purpose of heating the juice. Sufficient milk of lim© 
is added here to nearly or quite neutralize the acids in the juice, the 
test being made with litmus paper. The juice is brought to the boil- 
ing point, and as much of the scum is removed as can be taken quickly. 
The scum is returned to the diffusion cells, and the juice is sent by a 
pump to the top of the building, where it is boiled and thoroughly 
skimmed. These skimmings are also returned to the diffusion cells. 

This method of disposing of the skimmings was suggested by Mr. 
Parkinson. It is better than the old plan of throwing them away to 
decompose and create a strench about the factory. Probably a better 
method would be to pass these skimmings through some sort of filter, 
or, perhaps better still, to filter the juice and avoid all skimming. 
After this last skimming the juice is ready to be boiled down to a 
thin sirup, in 

THE DOUBLE-EFFECT EVAPORATORS. 

■ These consist of two large closed pans provided within with steam 
pipes of coiDper, whereby the liquid is heated. They are also con- 
nected with each other and with pumps in such a way as to reduce 
the pressure in the first to about three-fifths and in the second to 
about one-fifth the normal atmospheric pressure. 

The juice boils rapidly in the first at somewhat below the temper- 
ature of boiling water, and in the second at a still lower temperature. 
The exhaust steam from the engines is used for heating the first pan, 
and the vapor from the boiling juice in the first pan is hot enough to 
do all the boiling in the second, and is taken into the copper pipes of 
the second for this purpose. In this way the evaporation is effected 
without so great expenditure of fuel as is necessary in open pans or 
in single-effect vacuum pans, and the deleterious influences of long- 
continued high temperature on the crystallizing powers of the sugar 
are avoided. 

i"rom the double effects the sirup is stored in tanks ready to be 
taken into the strike-pan, where the sugar is crystallized. 

THE FIRST CHANCE TO PAUSE. 

At this point the juice has just reached a condition in which it will 
keep. From the moment the cane is cut in the fields until now every 
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delay is/liable to entail loss Of sugar by inversion. After the water is 
put into the cells of the battery with the chips, the temperature is 
carefully kept above that at which fermentation takes place most 
readily, and the danger of inversion is thereby reduced. But with all 
the precautions known to science up to this point the utmost celerity 
is necessary to secure the best results. Tlaere is here, however, a 
natural division in the process of sugar-making, which will be further 
considered under the heading of '' auxiliary factories.” Any part of 
the process heretofore described may be learned in a ftnv days by 
workmen of intelligence and observation who will give careful at- 
tention to their respective duties. 

BOILIN® THE SIRUP TO GRAIN THE SUGAR. 

This operation is the next in course, and is performed in what is 
known at the sugar factory as the strike-pan, a large air-tight vessel 
from which the air and vapor are almost exhausted by means of a 
, suitable pump and condensing apparatus. As is the case with the 
saccharine juices of other plants, the sugar from sorghum crystal- 
lizes most readily at medium temperature. There are two ways of 
proceeding.. The simplest is to boil the sirup in the vacuum pan 
until it has reached about the density at which crystallization be- 
gins, then draw it oif into suitable vessels and set it away in a hot 
room (about 110° to 120° F.) to crystallize slowly. The proper dens- 
ity is usually judged by the boiler, by observing the length to which 
a sample of the hot liquid from the pan can be drawn. This is 
called the ^^string-proof” test. A far better method is to boil to 
grain ” in the pan. This is better because it gives the operator con- 
trol of the size of the grain within certain limits, because it gives a 
better appearing sugar, and more important still, because with 
proper skill it gives a better yield. Several descriptions of this deli- 
cate operation have been published. After reading some, of the best 
of these, the writer found, on attempting to boil to grain, that more 
definite instruction was necessary ; and after obtaining the instruc- 
tion it became apparent that while almost any one can learn to 
‘‘boil to grain,” yet to obtain the best yield requires personal skill 
and powers of observation and comparison which will be obtained 
in widely different degrees by different persons. To become a good 
sugar-boiler one must be an enthusiastic specialist. The Depart- 
ment of Agriculture was fortunate in securing for this important 
work the services of Mr. Frederick Hinze, a native of Hanover, 
Germany, and a graduate of the “Sugar Industry School” at 
Braunschweig. 

The process of boiling to grain may be described as follows : A 
portion of the sirup is taken into the pan and boiled rapidly in vacuo 
to the crystallizing density. If in a sirup the molecules of sugar are 
brought sufficiently near to each other through concentration — the 
removal of the dissolving liquid — these molecules attract each other 
so strongly as to overcoiiie the separating power of the solvent, and 
they unite to form crystals. Sugar is much more soluble at high 
than at low temperatures, the heat acting in this as in almost all 
cases as a repulsive force among the molecules. It is therefore neces- 
sary to maintain a high vacuum in order to boil at a low pressure 
in boiling to grain. When the proper density is reached the crys- 
tals sometimes fail to appear, and a fresh portion of cold sirup is al- 
lowed to enter the pan. This must not be sufficient in amount to 
reduce the density of the contents of the pan below that at which 
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cryetallization niay take place. This cold sirup causes a sudden 
though slight reduction of temperature, which may so reduce the 
repulsive forces als to allow the attraction among the molecules to 
prevail, resulting in the inception of crystallization. To discover 
this requires the keenest observation. beginning to form, the 

Ciystals are too minute to show either form or size, even when 
viewed through a strong magnifying glass. There is to be seen 
simply a very delicate cloud. The inexperienced observer would en- 
tirely overlook this cloud, his attention probably being directed to 
some curious globular and annular objects, which I have nowhere 
seen explained. Very soon after the sample from the pan is placed 
upon glass for observation the surface becomes cooled and some- 
what hardened. As the cooling proceeds below the surface contrac- 
tion ensues, and consequently a wrinkling of the surface, causing a 
shimmer of the light in a very attractive manner. This, too, is 
likely to attract more attention than the delicate, thin cloud of crys- 
tals, and may be even confounded with the reflection and refraction 
of light, by which alone the minute crystals are determined. The 
practical operator learns to disregard all other attractions, and to 
look for the cloud and its peculiarities. When the contents of the 
pan have again reached the proper density another portion of sirup 
is added. The sugar which this contains is attracted to the crystals 
already formed, and goes to enlarge these rather than to form new 
crystals, provided the first are sufficiently numerous to receive the 
sugar as rapidly as it can crystallize. 

The contents of the pan are repeatedly brought to the proper dens- 
ity, and fresh sirup added, as above described, until the desired size 
of grain is obtained, or until the pan is full. Good management 
should bring about these two conditions at the same time. If a suffi- 
cient number of crystals has not been started at the beginning of the 
operation to receive the sugar from the sirup added, a fresh crop of 
crystals will be started at such time as the crystallization becomes too 
rapid to be accommodated on the surfaces of the grain already formed. 
The older and larger crystals grow more rapidly, by reason of their 
greater attractive force, than the newer and smaller ones on succeeding 
additions of sirup, so that the disparity in size will increase as the work 
proceeds. This condition is by sdl means to be avoided, since it entails 
serious difficulties on the process of separating the sugar from the 
molasses. In case this second crop of crystals, called ^ ^ false grain or 
‘‘mush sugar,” has appeared, the sugar-boiler must act upon his judg- 
ment, guided by his experience^ as to what is to be done. He may 
take enough thin sirup into the pan to dissolve all of the crystals, and 
begin again, or, if very skillful, he may so force the gro^h of the 
false grain as to bring it up to a size that can be worked. 

N’o attempt will be made here to describe the methods of “boiling 
for yield,” nor to point out the methods by which many special diffi- 
culties are to be overcome, blot only does the limited experience of 
the writer make him hesitate to enter upon these intricate subjects, 
but their discussion would unduly extend this report. It may be re- 
marked that the handling of the cane, the treatment of the juice, and 
the preparation of the sirup, have much to do with the difficulties and 
success of this, the most intricate of all. 

THE FINAL SEPARATION OF THE SUGAR FROM THE MOLASSESL 

The completion of the work in the strike-pan leaves the sugar mixed 
with molasses. The mixture is called melada or masse cuite. It may 
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be drawn off into iron sugar wagons and set in the hot room above men- 
tioned, in which case still more of the sugar which. remains in the un- 
crystallized state generally joins the crystals, somewhat increasing 
the yield of ‘ ‘ first sugar. ” At the proper time these sugar wagons are 
emptied into a mixing machine, where the mass is brought to a uni- 
form consistency. If the sugar wagons are not used, the strike-pan is 
emptied directly into the mixer. 

THE CENTRIFUGAL MACHINES. 

From the mixer the melada is drawn into the centrifugal machines. 
These consist, first, of an iron case resembling in form the husk of 
, mill-stones, A spout at the bottom of the husk connects with a mo- 
lasses tank. Within this husk is placed a metallic vessel with per- 
forated sides. This vessel is either mounted or hung on a vertical 
axis, and is lined with wire cloth. Plaving taken a proper portion of 
the melada into the centrifugal, the operator starts it to revolving, 
and by means of a friction clutch makes such connection with the en- 
gine as gives it about 1, 500 revolutions a minute. The centrifugal force 
developed drives the liquid molasses through the meshes of the wire 
cloth, and out against the husk, from which it flows off into a tank. 
The sugar, being solid, is retained by the wire cloth. If there is in 
the melada the false grain” already mentioned, it passes into the 
meshes of the wire cloth, and prevents the passage of the molasses. 
After the molasses has been nearly all thrown out, a small quantity of 
water is sprayed over the sugar while the centrifugal is in motion. 
This is forced through the sugar, and carries with it much of the mo- 
lasses which would otherwise adhere to the sugar, and discolor it. If 
the sugar is to be refined, this washing with water is omitted. When 
the sugar has been sufficiently dried, the machine is stopped, the sugar 
taken out, and put into barrels for market. 

Simple as the operation of the centrifugals is, the direction of the 
sugar-boiler as to the special treatment of each strike is necessary, 
since he, better than any one el^e, kriows what difficulties are to be 
expected on account of the condition in which the melada left the 
strike-pan. 

CAPACITY OF THE SUGAR FACTORY. 

It has already been shown that the operation of the diffusion bat- 
tery should be continuous. The experience so far had in diffusing 
sorghum indicates eight minutes as the proper time for filling a cell ; 
or one cell should be filled and another emptied every eight minutes. 
This, with a battery of 12 cells, 9 of which are under pressure, gives 
seventy-two minutes as the time during which the chips are subject 
to the action of the water. If the chips are cut sufficiently fine, the 
time may be reduced to seven or even to six minutes to the cell with- 
6ut probable loss from poor extraction. The time may be extended 
to ten minutes per cell without danger of damage when working sound 
canes. 

Taking eight minutes as the mean, we shall have 180 as the number 
of cells diffused in a day. To secure the best results, all other parts 
of the factory must be adjusted to work as rapidly as the diffusion 
battery, so that the capacity of the battery v^ill determine the capacity 
of the factory. 

A plant having a battery like that at Fort Scott, in which the 
cells are each capable of containing a ton of cane chips, should then 
have a capacity of 1 80 tons of cleaned cane, or 200 tons of cane with 
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leaves, or 240 tons of cane as it grows.in the field, -per day of twenty- 
four hours. Those who have given most attention to the subject 
think that a battery composed of 1^-ton cells may be operated quite 
as successfully as a battery of 1-ton cells. Such a battery would 
have a capacity of 360 tons of field cane per day. 

THE CUTTING AND CLEANING APPARATUS. 

This consists of modifications of appliances which have long been 
used for other purposes. Simple as it is, and presenting only me- 
chanical problems, the cutting, cleaning, and elevating apparatus is 
likely to be the source of more delays and perplexities in the opera- 
tion of the sugar factory than any other j)art. 

The diffusion battery in good hands works perfectly; the clarifica- 
tion of the juice causes no delays; the concentration to the condition 
of semi- sirup may be readily, rapidly, and surely effected in apparatus 
whicli has been brought to great perfection by long experience, and 
in many forms; the work at the strike-pan requires only to be placed 
in the hands of an expert; the mixer never fails to do its duty. There 
are various forms of centrifugal machines on the market, some of 
which are nearly perfect. If, then, the mechanical work of de^ver- 
ing, cutting, cleaning, and elevating the cane can be accomplished 
with regularity and rapidity, the operation of a well-adjusted sugar 
factory should proceed without interruption or delay from Monday 
morning to Saturday night. 

The machines used at Fort Scott for these purposes have not been 
described in detail. They need onl^^ to'be made stronger and simpler. 
Their general plan is not far from that which is likely to be in general 
use in the near future. 

The methods of handling cane need some modifications as to details. 
The arrangement for making the factory engine unload the cane from 
the farmers^ wagons will probably never be abandoned, since it is 
much more rapid and leaves the cane in better shape than it can be 
left by hand. 

THE SCIENTIFIC WORK. 

The present favorable condition of the sorghum-sugar industry, 
like the immense development of the beet-sugar industry of Europe, 
is indebted for its existence largely to long-continued scientific work; 
and while much of the scientific manipulation which it was once 
feared would be necessary to success has been eliminated in practice, 
yet the scientist has not been able to so far simplify the subject as to 
enable the manufacturer to dispense with his services, I shall try 
here to make a plain statement of the scientific work necessary in a 
sugar factory under developments so far made. 

WHERE THE SCIENTIFIC WORK IS NEEDED. 

It has already been shown that it is only on reaching maturity that 
sorghum is a profitable sugar plant. To determine when most farm 
products are ripe is a simple matter of inspection. But it is astonish- 
ing to note how greatly different will be the views of, say, a dozen 
practical farmers as to wffien a given field of wheat is ripe. Experi- 
ence in judging of the ripeness of sorghum is far less extended than 
in the case of wheat. Indeed, the varying conditions of the weather 
so greatly affect the appearance of ripeness, i. 6., the hardness of the 
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seed, tlie condition of tlj.e leaves^etc., that tho. mannfae^ni‘er^ whe 
/must know before he nses cane whether it is ripe or green, is left no 
other than the test of chemical analysis. This determines the one 
point of interest to him, namely, whether the cane has reached such 
a degree of maturity as to have made its sugar. 

Again, although the cane may have reached full maturity, if it 
shall have been cut and exposed to the atmospheric influences of the 
earlier part of the season for any considerable time, the sugar may 
have been changed to glucose. In moist weather this change may 
take place without any accompanying change in the appearance of 
the cane. A notable instance illustrating this kind of depreciation 
occurred at the Parkinson works during the season just closed. A 
farmer brought in a sample of excellent-looking cane. The book- 
keeper, who has had considerable experience about sugar factories, 
examined it, and after ascertaining by the hydrometer that the juice 
contained about 13 per cent, of dissolved solids, was about to direct 
the farmer to bring in the cane. An analysis showed that about 8 
of this 13 per cent, was glucose, 3 per cent, sugar, and 2 per cent, 
other substances not more valuable than glucose. Inquiry disclosed 
the fact that the cane had been cut for three days. The weather 
had been moist, so that no change in appearance had taken place. 
To have worked such cane for sugar would have been worse than 
useless, since the glucose and other substances its juice contained 
would have held from crystallization not only the 3 per cent, of sugar 
which this cane contained, but a considerable amount more had it 
been worked with better juice. 

Instances might be multiplied to show the perplexities and disap- 
pointments which are liable to result unless a most careful super- 
vision be had of the condition of the cane when it enters the factory. 
Certainly no field of cane should be cut until the development of its 
sugar has been reached and determined by the best means available. 

In the early part of the season, while the weather is warm, all cane 
cut in the forenoon should be worked the same day, and that cut in 
the afternoon should be worked by noon the next day. During the 
cooler weather of the latter part of the season it is not necessary to 
be quite so prompt. The delays which will be admissible can be 
determined by analysis of the cane. 

ISTot only is it necessary to know that the cane enters the factory 
with its sugar intact, but it is important to see that it does not suffer 
inversion during the process of manufacture. To prevent this all 
delays must be avoided. The cane must go promptly and regularly 
through the cutters and cleaners as rapidly as it can be thoroughly 
diffused. In a pile of cane chips inversion of the sugar very soon 
begins, and is soon followed, if not accompanied, by acetic fermen- 
tation. If acetic or other active acid be present in the diffusion 
cells it causes rapid inversion of the sugar under the high temper- 
ature of the battery. After leaving the battery the treatment of 
the juice rhust be prompt to guard against inversion. Indeed, as has 
been remarked above, every part of the factory in which the work is 
done until the juice has been reduced to a sirup should be of such a 
capacity that it can surely do its work at all times as rapidly as the 
battery can be operated. It is a matter of great importance to the 
manufacturer to know whether, at any stage of the process, inversion 
is taking place. To determine this, analysis of the average samples 
of freshly-cut chim may be compared with analysis of the product 
at other stages. For example: To determine whether inversion i§ 
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taking place in the battery, crush out and analyze the juice from, 
samples of chips as they enter; then analyze samples of the diffusion 
juice as it comes from the battery. If the relation of sugar to glu- 
cose is the same in these analyses it may be concluded that no in- . 
version is taking place. If, however, the proportion of sugar to 
glucose is smaller in the diffusion juice than in that obtained directly 
from the chips by crushing, inversion is probably taking place, and 
its cause must be sought and remedied. 

The subsequent processes of manufacture give little occasion for 
inversion, unless from delay before the juice has been reduced to 
sirup. The safest plan is to not let it cool until it is ready for the 
strike-pan. If unavoidable delays lead to a suspicion that inversion 
may have taken place, the matter may be determined by analysis. 
Inversion is not the only cause of loss to be guarded against in the 
battery. As shown by the report of the Chemist of the United 
States Department of Agriculture, the average extraction of the bat- 
tery at the Parkinson factory this season was 92.04 per cent, of all 
the sugars the cane contained. A closer average extraction than 95 
per cent, is scarcely to be expected, and an extraction of less than 90 
per cent, should be considered inadmissible. Poor extraction may re- 
sult from overhurrying the battery, from allowing the temperathre 
to run too low, from raising the temperature too high, thereby fill- 
ing the upper parts of the cells with steam instead of water, or from 
improper manipulation of the valves, or from failure of the cutting 
machines to properly prepare the chips. The perfection of the ex- 
traction may be determined by analysis of the exhausted chips from 
the battery, and if not found satisfactory, the cause is of course to 
be sought out and remedied. 

It is desirable for the manufacturer to know how much sugar lie 
is leaving in the molasses, and also how much molasses he is leaving 
in the sugar ; r. e., the purity of the sugar. These points are readily 
determined by analysis. 

WHO CAN DO THIS SCIENTIFIC WORK? 

It is doubtless desirable, though not essential, that the superin-" 
tendent of a sugar factory be also a chemist. The analyses indicated 
in the above pages are not intricate. To make them all, however, 
will require considerable time, and whether the superintendent be 
capable or incapable of making them, he will scarcely be able to 
spare the time which ought to be devoted to them. 

Any of the graduates of our agricultural or other colleges who 
have taken a good course of chemistry, with laboratory practice, 
can by a few months’ special training in sugar chemistry and prac- 
tice in sugar analysis become entirely competent to do the work re- 
quired in the ordinary operation of a factory, under the direction of 
the superintendent. 

THE YIELD OBTAINED AT FORT SCOTT. 

The actual yield obtained was 234,60? pounds of first sugar, from 
2,501 cells. If, now, the cell be taken as a ton, the yield of first 
sugar was 234,607—2,501=93.8 pounds. Enough of the molasse^ 
was reboiled for a second crop of crystals, and the sugar separated, 
to ascertain that 15 to 20 pounds per ton of cane represented could be 
obtained. Calling it 15, we have for the entire yield 93.8+15=108.8 
pounds per ton of cleaned cane. This is a larger yield than is ob- 
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tainable according to the heretofore accepted theory. There is some 
uncertainty about the weight of a cell, which may account for the 
discrepancy' between the theoretical and the actual results. It is 
possible, however, that the theory may need reconstruction. In any 
case the yield actually obtained is most gratifying. 

I have made no mention in the above of the exceptionally large 
yields of some special strikes made during the season. One strike 
gave 109 pounds of merchantable sugar for each cellful of chips.' 
The seconds from this would doubtless have brought the yield up to 
130 pounds. But the general reader and the prospective manufact- 
urer are more interested in average than in special results. It seems 
safe to assume that a mean of 100 pounds of sugar and 12 gallons of 
molasses can be made from each ton of cleaned sorghum cane of aver- 
age richness. 

Science suggests several methods for the complete separation of 
the cane sugar from the grape sugar and the ^^not sugar,” and 
further experiments in this direction should be the work of the near 
future. As yet almost nothing has been done towards the develop- 
ment of methods of separating the grape sugar from the not sugar. 
This subject presents a most inviting fimd for the chemist. 


THE FUTURE OF THE SORGHUM-SUGAR INDUSTRY. 


Tbie sorghum-sugar industry now seems to have an assured future. 
The quantities of sugar and molasses and other valuable products 
obtained from each ton of the cane and from each acre of land, well 
renumerate the farmer for his crop and the manufacturer for his in- 
vestment and the labor and skill required to operate the factory. 

An acre of land cultivated in sorghum yields a greater tonnage of 
valuable products than in any other crop, with the possible excep- 
tion of hay. Under ordinary methods of cultivation, 10 tons of 
cleaned cane per acre is somewhat above the average, but the larger 
varieties often exceed 12, while the small Early Amber sometimes 
goes below 8 tons per acre! Let 7j- tons of cleaned cane per acre be 
assumed for the illustration. This corresponds to a gross yield of 
10 tons for the farmer, and at $2 per ton gives him $20 per acre for 
his crop. These 7i tons of clean cane wull yield — 


Sugar 

Malasses 

Seed 

Fodder (green leaves). . . 
Exhausted chips (dried) 


Pounds. 

750 

1,000 

900 

1,500 

1,500 


Total 5,650 

The first three items, which are as likely to be transported as wheat 
or corn, aggregate 2,650 pounds per acre. 

Sorghum will yield • 7i tons of cleaned cane per acre more surely 
than corn will yield 30 bushels or wheat 15 bushels per acre. 

In the comparison, then, of produ :ts which bear transportation, 
these crops stand as follows: 

Sorghum, at 7i tons, 2,650 pounds per acre. 

Corn, at 30 bushels, 1,680 pounds per acre. 

Wheat, at 15 bushels, 900 pounds per acre. 

The sugar from the sorghum is worth, say, 5 cents per pound; the 
molasses, If cents per pound; the seed, i cent per pound. 
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The products give market values as follows: > ^ 

750 pounds sugar, at, say, 5 cents'^ $37.50 

1,000 pounds molasses, at, say, cents^' 17.50 

900 pounds seed, at, say, i cent“ - 4* 50 


Total value of sorghum, less fodder 59. 50 

The corn crop gives 1,680 pounds, at 1- cent 7. 40 

The wheat crop gives 900 pounds, at 1 cent 9.00 


Thus it will be seen that the sorghum yields to the farmer more 
than twice as much per acre as either of the leading cereals, and as 
a gross product of agriculture and manufacture on our own soil more 
than six times as much per acre as is usually realized from either of 
these standard crops. -i* 

LENGTH OF THE SEASON FOR WORKING SORGHUM. 

The season for haiwesting sorghum is limited to the months during 
which it may be worked. At present this dates in our southern coun- 
ties from about the last of July to the middle or last of October, if a 
proper selection of varieties of cane has been made. Without doubt 
this season may and will be lengthened. On this point I can do no 
better than quote from my report to this Department in 1884: 

As shown by the reports of the sugar factories of Kansas for the last two years, 
the working season is confined almost exclusively to the months of September and 
October. When the great cost of sugar-works, the expense of keeping them in re- 
pair, and the salaries of the specialists are considered the importance of lengthen- 
ing the working season becomes painfully apparent. That a $100,000 factory should 
lie idle for ten months every year implies that it must be run at an enormous profit 
during the two months or fail to pay interest on the investment. 

Several plans have been proposed for extending the time during which the works 
may run. One of tlipseis the development of earlier varieties of cane by systematic 
selection of seed, cultivation, and breeding. The researches of modern physiological 
botanists give reason to hope for good results in this direction. 

Another plan proposed is to reduce the juice to a semi-sirup in small auxiliary fac- 
tories, store the semi-sirup, and make it into sugar during the winter months. This 
has much to commend it. 

CENTRAL AND AUXILIARY FACTORIES — SIZE OF FACTORIES^. 

The complete sugar factory is an expensive establishment, and while 
most of the work of operating it can be performed by laboring men 
of ordinary intelligence, there will be required in each of such facto- 
ries, whether large or small, at least two men whose attainments will 
command liberal compensation. These are the chemist, or the super- 
intendent, with a cheaper chemist for an assistant, and the sugar- 
boiler. Good business management is of course also necessary to 
success. The chemist and the sugar-boiler can preside over a large as 
well as over a small factory. Moreover, many of the labors of the 
factory can bo performed with no fewer men in a small than in a large 
factory. It will therefore be cheaper to work a given amount of cane 
and to turn out a given amount of product in large than in small 
factories. The limit, however, beyond which experience so far does 
not warrant manufacturers to go is believed to be at a capacity of 
about 270 tons of cleaned cane per day. 

*The sugar sold this year at 5| cents per pound, the molasses at 20 cents per gal- 
lon, and the seed at per bushel of 66 pounds. The seed is of about equal value 

with corn for feeding stock. 
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In order to nse to the best advantage the services of the specialists 
of the business, it has been proposed to establish at convenient places 
auxiliary factories which shall carry the processes so far as to prepare 
sirup for the strike-pan. This sirur) will, be stored in suitable tanks 
or cisterns and worked for sugar after the close of the season for 
handling cane. In this way the working season for the central fac- 
tory may be prolonged to occupy almost the entire year. The auxil- 
iary factories will cost about half or two-thirds as much as the com- 
plete factory, capable of taking care of the same amount of cane. As 
thus arranged, the central factory will, in addition to its owui regular 
season’s work, tnke care of the sirup from two or three of these sirup 
factories. 


LETTERS PATEhTT GRAISTTED TO M. SWElsSOhT. 

United States Department of Agriculture, 

Commissioner’s Office, 
Washington, D. O., December 10, 1887. 

Sir: In response t^) the resolution of the Senate of the 7th instant, 
directing me to inform llie Senate whether any person in the employ 
of this Department has applied for or obtained a patent on any pro- 
cess connected with certain experiments in the manufacture of sugar 
from sorghum, conducted under the auspices of the Government, I 
have the honor to make the following statement of facts : 

For the fiscal year 1886-’87 Congress made an appropriation of 
$94,000 for “continuing and concluding experiments in the man- 
ufacture of sugar by the diffusion and saturation process, from sor- 
ghum and sugar-cane.” By virtue of this appropriation the Com- 
missioner appointed, under date of July 19, 1886, Mr, Magnus Swen- 
son “ an agent of this Department to superintend, under the direction 
of the Chemist, the experiments in the manufacture of sugar from 
sorghum at Fort Scott, Kans.” 

In his report to me, under date of December 21, 1886, Professor 
Wiley, the Clrief Chemist of tlibi Dep artment, in detailing the exper- 
iments a Dove alluded to, stated th.at an acidity existed in the diffusion 
bath, causing a conversion of a portion of sucrose (sugar) into glucose, 
and that several experiments had been made to correct this acidity. 
Among those experiments was one in which he added “ freshly pre- 
cipitated carbonate of lime to the extraction bottle,” a method which 
he states woas suggested by Professor Swenson. At the close of these 
experiments, November 15, 1886, Mr. Swenson’s service ceased. On 
April' 27, 1887, he wms a^gain appointed “ superintendent of sugar ex- 
periments at Fort Scott, Kans./” which position he now holds. On 
t)ctober 21, 1887, I was informed that Professor Swenson was seeking 
a patent for the process which he had suggested as above stated, and 
while _ in the line of his duty, and which had been tried in a public 
experiment with the people’s money and for the benefit of the country. 
On that date I filed wnth the Commissioner of Patents my protest 
against any action on the part of his office by which Professor Swen- 
son, as an individual, should reap the benefit of this experiment. In 
ansrver to, that letter I received a communication from the Commis- 
sioner of Patents, under date of October 26, stating that Professor 
Swenson had teen allowed letters patonhOn the process, under date 
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of October 11. 1887. In that patent the following claims were allowed 
to Professor Swenson: 


(1) As an improvement in the ditlusion process of making sugar, the mode herein 
described of preventing the inverti^ o action of the organic acids in the cane chips 
upon the sugar during the process of extraction, said mode consisting in adding to 
the diffusion bath a carbonate of the alkaline earths, substantially as set forth. 

(2) As an improvement in tlie diffusion process of making sugar, the mode herein 
described of preventing the invertive action of tlie organic acids in the cane chips 
upon the sugar during the process of extraction, said mode consisting in adding to 
the diffusion bath calcium carbonate, substantially as set forth. 

The a 

Professor Swenson’s employment by the Government had ceased, 
but the nature of the claims is so closely allied to the experiment 
made with carhonate of lime, heretofore alluded to, that it seems to 
leave no doubt that Professor Swenson intended to cover in his 


pplication for this T'atont was tiled on December 29, 188G, after 


patent the suggestion which he made in the line of his duty, which 
was adapted during his employment, and which amounted only to 
an improvement in a process which had been conceived, planned, 
and was then being perfected by the Government of the United 
States. 


I deem it proper to add that I have had an exhaustive search made 
of judicial decisions and legal opinions bearing upon the validity of 
a patent granted under these circumstances, and that I have become 
convinced th t the state of the art, and the fact of Mr. Swenson’s 
appointment and employment by this Department, will affect the 
''validity of his claim, and that I have therefore called the attention 
of the Attorney-General to all the facts in the case and suggested to 
him the institution of a suit looking to a perpetual injunction to re- 
strain Professor Swenson from making any use of this patent. 

As hearing upon this case, I beg respectfully to inclose, as an ap- 
pendix to this communication, certain citations and memoranda for 
the information of the Senate, and in this connection I beg also to 
recommend such immediate action on the part of the legislative 
branch of the Government as will enable the Attorney-General, if 
he has not now sufficient authority, to institute a suit looking to the 
cancellation of the patent; in question. 

Very respectfully, your obedient servant, 

VOUMAN J. COLMAN, 

Hon. John J. Ingalls, Coni}iu,-s.^w7ier of Agricu^^ 

Presidei^t pro tempore United States Senate. 


Copy of statement of facts submitted to the Attorney-General for liia information by the Commis- 

sioi:ei’ of AgTicuituiw] 

Letters Patent, No. 371528, issued to Magnus Swenson. Manufacture of sugar. 


ST.VTFAIENT OF FACTS. 


The Department of Agriculture directed its attention to the manufacture of sugar 
from maize and sorghuun cane in the 3 * ear 1877, and since tliat time lias continuously 
been engaged in investigations and experiments for the pm’pose of discovering a 
process that would extract the siig-ir from these canes in a commercially su(x;essful 
maimer. These experjuionls have been carried on by direct authorization of Con- 
gress. 


g The first session of the Forty-seventh Congress appropriated, “for experiments 
in the manufacture of sugar from sorghung, beets, and other sugar-producing plants, 
twenty-five thousand dollars” (Stat. L,. vol. 22, p. 91). 

The same Congress at its second session appi’opriated $16,000 (vol. 22 . p. 410);. the 
Forty-eighth Congress at its first session appropriated $50,000 (vol. 23, p. 38), and at 
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its second session, $4b,000 (vol. 23, p. 354), for the same purpose. In 1883 the Chemist 
of the Department conceived the idea of adapting the “ diffusion process,” success- 
fully used in Europe in the manufacture of beet sugar, to the extraction of sugar 
from sorghum and maize cane. The results of the experiments carried on in this, 
direction during the year 1883 are contained in special Bulletins Nos. 2 and 3, issued 
by the Chemical Division of the Department in 1884. 

Further investigations were made during the. year 1884, and a chemist from the 
Chemical Division was sent to Europe to study the “diffusion process” as practiced 
there and the machinery used in its application. The results of the work for this 
year are fully set out in Bulletin No. 5. Bulletin No. 6 contains a record of the work 
for the year 1885. 

In the fall of 1885 Professor Wiley, Chemist of the Department, was directed to 
proceed to Europe to study the “diffusion process.” Bulletin No. 8 gives the result 
of his visit there and conclusions reached as to the proper adaptation of process and 
machinery to manufacture sugar in this country from sorghum cane by the ‘ ‘ diffu- 
sion process.” 

As a result of the investigations and experiments brought down to 1886, this De- 
partment felt convinced that it had reached a satisfactory solution of sugar manu- 
facture as applied to sorghum, and that it had secured a successful method and 
devised suitable machinery to establish this work as one of the commeicial, industries 
of the country. To test the process and the machinery devised on a commercial 
scale, and for the purpose of perfecting by experiments any defect that might arise 
either in the chemical xu'ogress of the process or mechanical arrangement of the 
. machinery, the Department received from Congress an appropriation for these pur- 
poses. 

On June 30, 1886, there was apj)roi)riated as follows : “ For purchase, erection^ 
transportation, and operation of machinery, and necessary traveling within the 
United States, and other expenses in continuing and concluding experiments in the 
manufacture of sugar, by the ‘ diffusion and saturation processes,” from sorghum 
and sugar cane, so much thereof as may be necessary, to be immediately available, 
$94,000 ” (Stat. L., vol. 23, 101). 

Under this act of Congress the Commissioner of Agriculture, on the 19th of July, 
1886, employed and appointed one Magnus Swenson to “superintend, under the' 
direction of the Chemist, tlie experiments in the manufacture of sugar from sorghum 
at Fort Scott, Kans.,” at a salary of $2,400 i)er annum, during the continuance of 
the experiments. A copy of this api^ointment is hereto appended (Exhibit A). 

The experiments carried on under the foregoing act of Congress last mentioned 
are set out in detail in Bulletin No. 14, a coj>y of which is appended (Exhibit B). 

In the course of these exx^eriments a difficulty was met with, described on 
28 of Exhibit B, namely, an acidity in the diffusion battery, which caused an inver- 
sion of a portion of sucrose into glucose, thereby diminishing the amount of sugar 
that should be obtained. On the same page are detailed the experiments made to 
overcome this defect. Experiment No. 4, “ the addition of freshly precipitated car- 
bonate of lime to the ‘ extraction bottle,’ ” was suggested by Mr. Swenson, the sux^- 
erintendent of the exx^eriments under the foregoing employment. Comments on ' 
the result of this experiment will be found on pages 32 and 33 of Bulletin 16. 

Experiments at Fort Scott, Kans., were discontinued on November 15, 1886, and 
the service of Mr. Swenson as agent of this Department ceased on that day. 

On December 29, 1886, Mr. Swenson filed an apx^lication for letters x^atent for an 
improvement in the manufacture of sugar, and on October 11, 1887, letters patent 
No. 371528 were issued to him. 

This patent is' for the use of carbonate of lime and carbonates of other alkaline 
earths in the diffusion bath to x^revent the invertive action of organic acids during 
the process of extraction. It is simxdy a patent for experiment No. 4, as made at 
Fort Scott, Kans., by this Dex^artment, and set out on page 28 of Bulletin 16. 

I am informed that Mr. Swenson is now threatening to x:>rosecute all persons who 
shall use the method described and covered by his X3atent, and this Dex^artment, 
still being engaged in experimentation for the manufacture of sugar, will be liable 
to Mr. Swenson in damages for using a x^rocess discovered by itself if the patent 
aforesaid is rightfully the proxDerty of Mr. Swenson. 

IL 

CONDITION OF THE ART. 

The aforesaid patent is for the use of carbonate of the alkaline earths to neutral- 
ize organic acids present in saccharine solutions, and thus prevent inversion of 
sucrose into glucose. This is not new, and has been known to those engaged in the 
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art of manufacture of sugar for years, and allusions are to be met with to its use in 
works describing this art, and patents have been .issued for this same means for 
neutralizing acidity in saccharine solutions in England. A brief reference to some 
of these will be made. 

In a work entitled Sugar Growing and Refining,” by Wigner and Harland, 
published in London in 1883, the following allusions ^re made pertinent to this part 
of the art. 

' On page 185, in describing the diffusion process, it says : 

“ In order to insure the solidification in the tissues of the soluble substance in- 
jurious to the sugar, especially of pectine, which is not coagulated by hot water 
alone, lime or some other suitable agent may be added to the water or liquor.” 

On page 504 of the same work, in speaking of the alum process, it says : 

■‘After the separation of the alum it is possible to neutralize the acid liquor with, 
chalk (carbonate of lime) only, and this has been done on a large scale for a con- 
siderable time. The use of chalk has an advantage over lime in that should an ex- 
cess be added it does no harm to the sirup beyond simply increasing the insoluble 
deposit in the filters.” 

A description of the identical advantage claimed by Mr. Swenson in his patent, 
lines 53 to 58 : “ * * * it is possible to neutralize the acid liquor with some 

other alkaline body instead of lime ; among other substances which have been tried 
for this purpose are ammonia, carbonate of ammonia, baryta, carbonate of baryta, 
strontia, carbonate of strontia, magnesia, carbonate of magnesia.” These are the 
carbonates of alkaline earths mentioned in the patent, lines 58 to 63. 

In a pamphlet published in Cinciimati in 1876, entitled “ Extraction du Jus Sucre 
des Plantes sacchariferes, paff Diffusion,” the author of which is G. Bouscaren, is 
found, on page 3, a description of the alleged improvement patented by Swenson, 
and it sx>eaks of the addition of chalk (carbonate of lime) to either the water of the 
diffusion battery or to the pulp of the cane itself before it goes into the battery. 

The following is a translation of the paragraph referred to: 

“The solidification of the albumen, pectine, and other elements injurious to the 
sugar being made in the tissue of the pulp itself by the addition of a proper quantity 
of chalk, either to the water of alimentation or to the pulp itself before its introduction 
into the macerators.” 

Of the English patents that have been issued maybe noted the following: 

In 1813, No. 3754, to one Howard, the use of alum, lime, and chalk. 

In 1874, No. 1736, to Johnson, the use of alkaline carbonates prior to treatment of 
the sugar with alcohol. ... 

In 1874, No. 1989, to James Duncan, the neutralization of the free acids arising in 
saccharine solutions by means of carbonate of lime. 

III. 

From the foregoing statements the following conclusions may be drawn: 

(1) That the above patent is held by Mr. Swenson in trust for the use and benefit 
of the Government and its citizens, the discovery patented having been made by him 
while specially employed in experimentation, and under an imi)lied contract granting 
to the Government all property in the results of such experimentation. 

(3) That the thing patented was a suggestion made by an employe specially em- 
ployed for the purpose, and which only amounted to the curing of a defect in a part 
of a process already planned in its entirety by another, and which of itself v.rasnot a 
complete invention, and which suggestion would belong to the inventor of the process 
under whom he was ’worldng. 

(3) The patent is invalid in that the thing patented is not new. ^ 

Under the first liead it is sufficient to say that Congress having huthorized the 
making of these sugar experiments at public expense, they are made for the benefit 
of the public at large, and the results that spring from them become the property of 
the Government, to the free use of which all chizens are equally entitled. Persons 
employed in the carrying on of such experiments, so authorized, by the acceptance of 
the employment waive all personal right to any discoveries they may make in the 
course of their employment, and by implication contract that such discoveries shall 
become the property of the Government. It would be incompatible with the object of 
the act of Congress authorizing the making of experiments, that any personal prop- 
erty to discoveries made by persons employed under the law should be retained by 
them, for, if so, then the end had in view, the general benefit of the public, would be 
destroyed, and public moneys would be expended merely to ehable private persons to 
make discoveries for their own personal use and advantage, and not for the general 
welfare of the people. Congress would be granting public moneys for private use, 
and this it can not constitutionally do. 
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While there are no adjudicated cases bearing upon the right of a ]:>e] son employed 
by the Government to make experiments to discoveries made by ir the course of 
experiments, there is a dictum by Justice Field, in the case of the United States v. 
Buriis, 12 Wallace, page 246, where he says: “If an officer in the military service, 
7iot especially eutployed to make experiments itWi a view to improvements, 

devises a valuable improvement, he is entitled to the benefit of it, and to letters pat- 
ent,” etc. 

This may be held to imply the converse, that where such officer was employed to 
experiment he would not be entitled to patent his improvement. 

Under the second head, it is sufficiont to state that the suggestion made by Mr. 
Swenson makes a case on all fours Avith tlie general doctrine laid down in the leading 
case of Agawam v. Woolen Company (7 AVailace, 533), on the relations between em- 
ployers and ejnployes, and that such improA’ement as he suggested would be for the 
use and benefit of his employer. 

The doctrine is thus stated in the opinion by Justice Clifford: 

“ Persons employed, as much as employers, are entitled to their own independent 
inventions, but where tlie employer has conceived the plan of an invention and is en- 
, gaged in experiments to perfect it, no suggestions from an employe, not amounting 
to a new method or arrangement, which in itself is a complete invention, is suf- 
ficient to deprive the employer of the exclusiv e proper t> i"i tlie perfected improve- 
ments. But where the suggestions go to make up a perfect and complete machine, 
embracing 'the substance of all that is embodied in the patent subsequently issued 
to the party to whom the suggestions were made, the patent is iiiA alid, because the 
real invention or discovery belongs to another,” and cases cited. 

Under the third head it is unnecessary to comment, for the thing patented not 
being new, the patent is invalid. 


IV. 


REMEDY. 


The possession by Mr. Sw^enson of this patent has a serious and damaging effect 
on the progress of the manufacture of sugar from sorghum cane in this country. It 
is a cloud on the title of the peojde of this country to make use of a discovery which 
the Government has at public expense made. Congress, inautiiorizing the expend- 
ing of $225,000 to ju’omote this manufactiu’e, v as mindful of its great importance 
and the benefits to arise from utilizing sorghum cane, vrhich could be grown over 
an immense area of this country and make valuable thousands of acres of land, and 
and at the same time cause tlie production of the Iiome supply of sugar. 

This new enterprise has received a damaging blow, and it is desirable that the 
law department of the GoAXirnment sliould take all necessary steps to protect this 
enterprise, to remove the cloud that to-daj' prevents the free use of this manufact- 
ure as perfected by the Department of Agriculture, and secure to the people the 
full benefit of all its works. 

It is suggested that where a patent has been iirqiroperly obtained by a person em- 
ployed by the Government; to carry on experiment f(>r discoveries made in the course 
of the experiments, the patentee may lie restrained liy injunction from appropri- 
ating to his own use any^ of tlie riglits granted by the patent. This is the view as 
held by Attorneys- General Cushing in an oxiinion to lie found in volume 7, Opinions 
Attorneys-General, page 656. 


EXPERIMENTS AT RIO GRANDE, N. J. 

Report of H. A. Hughes. 

Sir: I have the honor to present herewitli iny^ report, as superin- 
tendent of the experiments conducted at Rio Grande the past season, 
on the manufacture of sugar from sorghum. 

The Hughes Sugar House Company is located at Rio Grande, Cape 
May County, N. J. The building of this company is constructed of 
bricrk and iron, 30* feet square, and fully equipped with machinery 
for extracting and working into merchantable products all of the 
sugar from 15 tons of cane per day. 
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The machinery consists of a cleaning and shreding apparatus, a 
diffusion battery, an open evaporator, vacuum j)an, hot roo*in. wagons, 
and centrifugal. 

The cane is cut into sections, freed from leaves, sheaths, and seed 
tops, and ]3assed in at once to the shreding knives. The leaves and 
seed tops are also separated and collected into different receptacles. 
All this machinery is automatic, and the capacity of the cleaning 
apparatus was proved to be equal to the cleaning of 44 tons in twenty- 
two hours. It worked without delay or repairs of any description, 
and the wear and tear was so slight that at tlie close of the season its 
condition appeared to be as good as when first started. All this ap- 
paratus had been thoroughly tested during the season of 1886. 

The shreded cane is packed into perforated baskets and it is then 
ready for the diffusion battery. 

This battery differs radically from those in ordinary use, and was 
planned in 1886. During this season its work was not perfectly sat- 
isfactory, concentration of juice being gained only at a serious loss 
of sugar in the waste products; but after the close of the season and 
when the battery was properly managed it was proven and the tests 
recorded, which have shown that it can extract practically all of the 
sugar in the cane at an expense for evaporation of 10 per cent, only 
in excess of that for mill juice; this result is satisfactory, and is be- 
lieved to be better than that given by any other battery. The diffu- 
sion juice from this battery was. evaporated in an open pan until 
, one-half of its water was removed^ it was then drawn into the vac- 
uum, still further concentrated, grained into the same pan, and struck 
into sugar wagons in the hot room. The centrifugal machine sepa- 
rated the crude molasses from the raw sugar, leaving it in a condi- 
tion suitable for refiners’ uses. Storage tanks, settling tanks, filter 
presses, defecators, clarifiers, and chemicals of any kind were not 
used. The vacuum pan and centrifugal machine do not differ from 
well-known forms. 

THE CROP. 

Eighty acres of cane were x^lanted for the use of the mill, and of 
this 7 acres were groven by neighboring farmers and the balance by 
the company, V arieties jilanted were Amber, White African, Kan- 
sas Orange, and Late Orange, from which 910 pounds of sugar and 
80 gallons of molasses per acre were made. In this account is in- 
cluded the unripe cane used in breaking in the house and all damped 
cane. The tonnage far exceeded our greatest expectations. Ttiis 
was occasioned by carefully planting the hills closer and giving it 
good attention, together with favorable rains. The cost of raising 
tlie cane was $11.62 per acre. This includes the hauling out of fertil- 
izers and placing them upon the land, which consisted of 150 pounds 
muriate of potash per acre, and rotten chips from previous seasons, 
together with a little stable manure in spots. The cost of ])otash 
and chips are not included in the above. The cost of cutting' the 
cane and bringing it to the factory was 45 cents per ton. We paid 
$3 per day for the use of teams and farm hands, and laborers were 
paid $1.25 per day. 

The average yield was 161- tons per acre. All the farmers'^ ctoe 
was worked and 27.38 acres of that raised by the company. Over 47 
ncres were left in the fields. One tract (8.43 acres) averaged 25 tons 
of cane per acre, from which 1,400 pounds of raw sugar and 120 gal- 
lons of molasses per acre were extracted. 
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Part of the field was used in brealdi;ig in the house. 

The yields of the farmers’ crops varied widely, the maximum being 
1,970 pounds of raw sugar and 120 gallons of molasses per acre. 
This was made from 17 tons and 675 pounds of field cane. The term 
“field cane” means neriliGr stripped nor topped. The minimum was 
540 j)ounds of sugar and CO g'allons of molasses. All the seed used by 
the farm ers was the same. The variations in yield were caused by the 
diiference in cultivation. Other yields veero. as follows per acre : 




Fii-st. 

1 

Second. 

Third. 

Fourth. 

S ugar 

Molasses 

1 

pounds . . 

i 

i 1,970 1 

i 

i 1,500 

1,444 

1,254 

gallons . . 

120 i 

120 

80 

no 


The company grew this cane on shares, giving the farmers one- 
half the products, viz, sugar, molasses, and seed. The basis of settle- 
ment was for raw sugar 4 cents per pound and molasses at 25 cents 
per gallon. Consequently the four best acres yielded (reduced to a 
cash basis) as follows : 


Ephraim Hildrith: 

Suaar, at 4 cents 

Molasses, at 25 cents . . . . 
Joseph Richardson: 

Sugar, at 4 cents 

Molasses, at 25 cents 

Willnim Hollingshead: 

Su^ar, at 4 cents 

Molasses, at 25 cents 

John Brown: 

Sugar, at 4 cents 

Molasses, at 25 cents , . . 



Quantity. 

Amount. 

Total, 

. pounds . . 
.gallons. . 

1,970 

120 

S78. 80 
30. 00 

j- $108.80 

. pounds . . 

1,560 

62.40 

j- 92.40 

. gallons . . 

120 

.30.00 

, pounds . . 

1,444 

57. 76 

}- 77.76 

. gallons . . 

80 

1 20.00 

pounds. . 

1,254 

50. 16 

j- 70. 13 

. gallons . . 

116 

29.00 


This does not include the seed, which has not been thrashed. 


Vv^OKKING SEASON. 

The company commenced breaking in its machinery on September 
5 and closed on ISTovember 8, making fifty-two days. Twelve days 
in the commencement of the season w^ere consumed in training men 
to manage the new machinery. The working season was the most 
unfavorable since 1880. Frost occurred in the last week in Septem- 
ber, blit did little damage. Ice one-half inch thick was found on 
October 15. The crop at that time was growing heantifnlly and the 
sugar tests rising rapidly, and the day following this freeze the leaves 
turned white and died. 

At that time we wmre working on the Kansas Orange fields. This 
variety did not deteriorate for several days, but at the expiration of 
this time it gradually declined until October 28, v^hen the purity of 
the juice ivas reduced so low that it did not warrant our ivorking any 
longer for sugar. During this period there were several frosts. 

Another effect of the ice on this variety of cane was to make it un- 
able to withstand the repeated heavy gales of wind, which finally 
blew it down and broke it badly. 

It ivas especially our desire to study the effects of frost on the 
ferent varieties, and we were fully av/are that we could at any time 
increase our average sugar per acre by leaving this variety and work- 
ing the Late Orange. After October 28 we commenced cutting on 
the Late Orange fields, which had vdthstood frost and ice in marked 
contrast with the other cane. ■ This variety stood the freezes and 
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thaws with very little change^ and at the time of the closing of the 
house it was still np to the average of the season in purity. 

The cane was worked after this date at intervals in the difFiision 
battery until ISTovember 22. The cane brought in at this time was 
frozen solidly^ but the juice was in good condition. Warm weather 
having intervened from the 22d to the 26th, the cane was sampled - 
and tested on I^ovember 26 with the intention of making a run for 
sugar on December 1. Other matters having interfered this was not 
carried out. There is not the slightest doubt that good sugar crys- 
tals could have been obtained until December 1. 

This cane has at last been weakened by the unusually severe 
weather during the past week. It is falling down badly and is only 
fit for sirup on this date, December 7. 

The sugar per acre could have been increased fully 23 per cent, on 
this season’s work by good extraction. It must not be overlooked 
that the raw sugar made this season would have to be reduced from 
20 to 25 per cent, in order to make it chemically pure. 

Another source of loss to which I desire to call your attention is 
in the harvesting of the seed. The seed tops are cut off, spread on 
the fields to dry, stacked up, and afterwards thrashed. By this 
method we rarely obtain more than bushels of seed from a ton of 
field cane. There is a constant loss in the field during the drying by 
the seed shelling out and the ravaging of birds. Field mice and rats 
also attack the stacks. Samples of seed tops carefully saved from 
these same fields show an average yield, on well-developed canes, of ' 
3 bushels per ton. If this seed could be saved it would be of sufficient 
value to pay the coal bill for working up the crop in this place. 

In making the above statements I wish it to be distinctly under- 
stood that neither time nor expense was spared in order to make these • 
records accurate, the house being frequently delayed in order that the 
records might be secured. 

I believe that a ton of field cane is too uncertain a factor to be used 
as a standard for calculation, as it varies considerably in wet and dry 
weather. Wagons containing 3,000 pounds of cane, as it comes from 
the field, will increase to 3,400 pounds and more by being rained on. 
There is a variation in the weight of the cane before and after frost; 
also in the percentage of leaves of the large and small canes. For 
these reasons it is better to use clean chips prepared for the battery 
, or an acre of ground. 

It might be worth while to state that this sugar-house, with slight 
alteration, could be made to worli 25 tons per day, having frequently 
worked at this rate from six to eight hours. 

Believing that sorghum-sugar manufacture is, to be an established 
industry and that reports of this nature will have an attraction for 
the general public, I have written in this simple style and tried to 
avoid technicalities. Those who wish the details I refer to the re- 
ports of your chemists, Messrs. Broadbent and Edson, who, I believe, , 
have faithfully recorded the workings of the house; also to the re- 
port of the experimental station of New Jersey, soon to be issued. 

Respectfully, 

H. A. Hughes, 

Hon. Noemak J. Colman, Superintendent. 

Commissioner of Agriculture, Washington, D. C. 

Note. — For further information concerning the sorghum-sugar industry in New 
Jersey see Dr. Neale’s Bulletin No. 44 of the New Jersey Experiment Station. 
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SVMMARY OF CHEMICAL JVORK AT RIO GRANDE, UNDER DIREU 
TION OF THE CHEMIST OF THE DEPARTMENT 

[Ab'?tract of ix port of Hubert Edson.] 

t 

The manufacturing season at Rio Grande commenced September 5 and closed 
November 8. The analyses of juices were begun September 8 and continued 
throughout the season. 

On October 15 there fell a heavy frost, one of the earliest known in Rio Grande, 
which completely killed all the leaves on the cane and stopped the growth of all 
the unripe fields. The Late Orange was the only variety which was not seriously in- 
jured by the frost and the cold vreather following it. This hardy cane, although 
the frost touched it before it was matured, held its sucrose to the end of the season, 
even notwithstanding two slight freezes. 

It will be noticed from Talne III that the extraction of sugar by the battery was 
very poor. This arose from improper management of tlie battery by the men em- 
ployed in the diffusion room, much sugar being thrown out with the exhausted 
chips from this cause. 

EXPERIMENTS IN CRYSTALLIZING SUGARS. 

All the sugars as hrst run from the centrifugal were full of “smear,” and after 
the regular season had closed experiments w^ere made as to the advisability of re- 
crystallizing the sugar, but it was found that the loss in weight was too great to 
make it profitable, onlj^ 8,329 pounds Of recrystallized sugars being obtained from 
nearly double that amount of smear sugar. 

In Table VIII .are found the analyses of the recrystallized sugars. 

On November 19 and 22 experiments were made with the diffusion battery to see 
if it was possible to obtain a better extraction than the season’s work had given. 

An extra cell was made and placed outside the battery. Then, instead of empty- 
ing one cell of diffusion juice at a time, the two heaviest juices were drawn into the 
outsifle cell. By drawing off tw^o cells at a time two baskets of fresh chips could be 
immersed each time in the outside cell, and the diffusion juice be brought up within 
^ L Brix of the mill juice, and at the same time an excellent extraction obtained. 
Both the days in which these experiments were made were very cold. This, of 
course, made it difficult to keep the battery at a sufficiently high temperature for a 
proper d iff usion. 

In the appended table the degree Brix is all that is given, as the juices were not 
used : 


• 

Chip juice. 

! 

Diffusion 

juice. 

Exhaust^*d 
chip juiioc 

1 — ■■ ■ 

Average degree Brix: 

November 19 , 

( 

I 15.50' 

14. 65 

1.30 

November 2^1, a. m 

November 22, p. m 

i 13. 42 

12. 60 

1.48 

1 15.18 

13. 79 

. 88^ 


These experiments were conducted by Mr. Hughes and Dr. Neale, chemists of the 
New Jersey experimental station. The degrees Brix were taken by Dr. Neale and 
myself. 

A sample of chip juice was polarized and found to contain 8.98 per cent, sucrose, 
with a purity of 59.27. 


RESULTS OF ANALYSES. 

Table 1. — Analyses of juice from fresh chips. 


Number of analyses 61 

Per cent. 

Mean sucrose 8.98 

Mean glucose 8. 24 

Mean total solids (by spindle) 14. 02 

Sucrose ; 

Maximum 12. 2S 

Minimum .* ..... 4. 71 
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GI11COS6 * Per cent. 

Maximum 4. 45 

Minimum 2. 07 

Total solids : 

Maximum 17. 80 

Minimum 10. 45 

Table 2 . — Analyses of diffusion juices. 

Number of analyses 03 

Per cent. 

Mean sucrose 6. 93 

Mean glucose 2.86 

Mean total solids (spindJe) 11. 18 

Sucrose : 

Maximum 10. 02 

Minimum 3. 89 

Glucose : 

Maximum ; 8. 97 

Minimum 1.32 

Total solids : 

Maximum 14. 40 

Minimum 8. 38 

Table o.— S irups. 

Number of analyses. 55 

Per cent. 

Mean sucrose ; 18. 68 

Mean glucose 8. 67 

Mean total solids (spindle) 32. 40 

Sucrose : 

Maximum 25.26 

Minimum 10. 78 

Glucose : 

Maximum 15. 70 

Minimum 3. 81 

Total solids : 

Maximum 48. 16 

Minimum 19. 88 

Table 4 . — Exhausted chips. 

Number of analyses 58 

Per cent. 

Mean sucrose 2. 46 

Mean glucose 98 

Mean total solids (spindle) .... 4. 03 

Sucrose : 

Maximum 4. 23 

Mini mum r 81 

Glucose : 

Maximum . . .’ 1. 62 

Minimum 30 

Total so lids: 

Maximum 6. 64 

Minimum 1.33 

Table 5 . — Masse ciiites. 

Number of analyses ^ 6 

Per cent. 

Mean sucrose 55. 76 

Mean glucose 23.44 

Mean water 18. 50 

Mean ash 4.44 
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Table 6. — Raw sugars. 


Number of analyses 14 

Per cent. 

Mean sucrose 73. 80 

Mean glucose 13.63 

Mean water 5.89 

Mean ash 3.56 


Table 7. — Molasses. 


Number of analyses 

Mean sucrose 

Mean glucose 

Mean water 

Mean ash 


14 

Per cent. 

. . 35.48 
. . 33.20 
. . 34.72 
.. 5.45 


Table 8. — Recrystallized sugars. 


Number of analyses 

Mean sucrose 

Mean glucose 

Mean water 

Mean ash 


9 

Per cent.’ 
, . 90.73 
, . 4. 63 

. 4.19 

. .71 


(Note. — The analyses of masse cuites sugars and molasses are only partial. The 
complete analyses will be given in Bulletin 18.) 


ESTIMATES OF COST OF SUGAR FACTORIES, MADE BY MR. H. A. 

HUGHES. 

SMALL CENTRAL SUGAR HOUSE. 

Cost and summary of machinery. 


One vacuum pan, 4 feet $850. 00 

One vacuum pump 500. 00 

Thirty sugar wagons, at $14 720. 00 

Two Weston centrifugals, complete, v.nth mixer, at $850 1, 700. 00 

Four tanks, water, sirup, dumps, and extra, at $25 100.00 

One 50 horse-power boiler 600.00 

One engine, 15 horse power 400. 00 

Pipe-fittings 800. 00 

Two boiler feed pumps, at $90 180. 00 

One water pump 200. 00 

Two sirup pumps, at $90 180.00 

Extra work, machinist, two months, and labor 520. 00 

Buildings 8, 000. 00 

Freights, lights, and extras 350. 00 


Total : ‘ 9,000.00 


Capacity of house per day. 

Six wagons on 1,080 gallons molasses worked into masse cuite for an av- 


erage, say, 4 pounds sugar to a gallon, or pounds. . 4. 330 

And 45 per cent, sirup gallons . . 488 

For 260 days, from September 1 to July 1 pounds. . 1, 123, 200 

For 360 days, from September 1 to July 1 gallons. . 126,880 


Crew, cost of manning, and cost per gallon. 

Day shift: 

One fireman 

One centrifugal 

One sirup and coopering 

One sugar boiler • 


Per day. 

$1.50 

1.50 

2.50 
3.00 


i 
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V ' 

Nightshirt: » Per day. 

. One fireman ^ $1. 50 

One pan man 1.50 

\ 

11.50 

Three tons soft coal, at $2. 50 7. 50 


19.00 


Cost per gallon 1. 77 

Twenty-live gallons for 1 ton field cane cents. . 44^ 


SMALL AUXILIARY PLANTATION HOUSE. 

One diffusion battery, 50 to 75 tons, complete 

Cutting and cleaning apparatus 

One double effect 

Two juice pumps, at |90 

Seven small tanks 

One large tank • 

Engine, 8 horse-power 

Boilers, 100 horse-x^ower 

Two boiler feed pumps, at $125 

One water pump 

One hot- water pump 

Pij^-fittings 

Building one-story shed 

Labor, freight, and incidentals 


$5, 600. 00 
800. 00 
2, 500. 00 
180. 00 
100. 00 
25.00 
200. 00 
1,000.00 
250. 00 

250. 00 

125. 00 

500. 00 
1,000.00 

800. 00 


Total 


18, 330. 00 


Capacity per day. 

Lowest estimate, 50 tons field cane; 25 gallons molasses, 45 to 56 per cent, test 
for each ton field cane worked; 25 gallons for each ton X 50=1, 250 per day for 
eighty days = 100,000 gallons, or 4 acres of ordinary cane per acre for each day; or 
320 acres per season of eighty days. 

Three such plants would supply 300, 000 gallons in a working season. 

Crete, cost of manuf act ut'C, and cost per ton. 


One man throwing cane on carrier $1. 25 

One man on seed topper 1. 25 

One man filling baskets 1 . 25 

One man on eleventh cell 1 . 25 

One man hanging on baskets 1.25 

One man center 1 . 25 

One man bagasse 1 . 25 

One man double effect ,1. 50 

One man firing 1.50 

One man driving away seed and leaves 1. 25 


Total, 10 men 18.00 

One horse on cart 1 . 00 


14. 00x2 = $28. 00 


Labor 28. 00 

Coal, 5 tons, at $2.50 12. 50 


40.50 

Or 80,1 cents per ton for labor, etc. 

RECAPITULATION. 


Capital invested, small central house $9, 000 

Capital invested, three small auxiliaries, $13,330 39, 990 

Total 48, 990 


Amount of cane worked, 150 tons for eighty days . . t 


Tons. ■ 
12, 000 
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I 

Product. 


12.000 tons, yielding 25 gallons molasses each .gallons. . 300, 000 

800.000 gallons molasses, yielding 4 pounds sugar each pounds. . 1, 200, 000 

And 45 per cenii. molasses gallons. . 135,000 


1.200.000 pounds, at 4 cents $48, 000 

135.000 gallons, at 20 cents 27, 000 

18.000 bushels seed, at 40 cents . 7, 200 


Total 83. SSO 


Cost of production 


Cents. 

Auxiliary house, per ton 80.01 

Central house, per ton 44. 25 


124. 26 

Cost of packages, per ton 30. 00 


154. 26X12, 000 = $18, 511 

Farmers’ half, $41,100 or $3.43 per ton; the company’s half, $41,100, less $18,511, 
$22,589 for interest, insurance, superintendence, etc. 

In working 1,000 tons a day there should be ten 100 to 175 ton batteries and a 
large central house. Auxiliary houses of this size would cost complete about $20,000 
each and the central house would cost without bone-black $90,000. Tliere would 
also be a corresponding reduction in working expenses. 


EXPERIMENTS AT LAWRENCE, LA. 


CANE-SLTCER. 


In order to secure a multiple feed for a single cutter it was deter- 
mined to adopt tlie horizontal disk system. Cutters of this kind not 
being made in this country, it was necessary to purchase one in Eu- 
rope. 

The cutter built by the Sangerhauser Company, of Sangerhausen, 
Germany, was selected. , This cutter was guarantied to give from 200 
to 250 tons of chips per twenty-four hours, suitable for diffusion. 

This slicing machine, having been tried in Demerara in th-e early 
summer, proved inefficient. To guard against failure from lack of a 
proper cutter another machine, which had already proved successful 
in Java, was ordered from the Sudenburg Company of Magdeburg. 

The small cutter with a horizontal disk, tried at Fort Scott last 
year, was also sent to New York for certain alterations, and thence 
to Magnolia. Unfortunately the new knives sent with the machine 
had not been properlj^ tempered, and this prevented the use of this 
cutter for the preliminary experiments. 

Mr. R. Sieg, of New Orleans, who had had large experience in 
working cane-cutters in Louisiana in 1874 and the following years, 
was also instructed to build a cutter with vertical disk and multiple 
feed. We found, however, that the time at his disposal was too 
short to permit the building of such a machine as he desired. 

On October 6 I received the following instructions: 

• You are hereby instructed to go to Fort Scott, Kans. , and after inspecting the work 
of the Department there in the manufacture of sugar, you will proceed to Lawrence, 
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La. , to conduct the work of the Department at that place in the application of diffu- 
sion td the extraction of sugar from sugar-cane. 

You are also authorized to travel between Magnolia Station and New Orleans a6 
often as may be necessary to secure the proper conduct of public business. 

Very respectfully, 

Norman J. Colman, 

Commissioner. 

In obedience to the above instructions I reached Magnolia on the 
ej^ening of October 17, 1887. The experimental work was conducted 
without being complicated by the use of any process or machinery 
in which any one in the employment of the Department had any 
patented or nnancial interest whatever. The sole object in view was 
to benefit those engaged in the manufacture of sugar in all parts of 
the country. Experiments conducted at public expense should, in 
my opinion, be for the public good, and not for the benefit of a pri- 
vate individual or corporation. 

On the morning of the 19th the diffusion building was badly in- 
jured by a cyclone. The water-tank to supply the battery, together 
with the tower supporting it, was blown on to Governor Warmoth’s 
sugar-house, causing great damage. Nearly a month was required 
to repair the damage and restore the building and apparatus to the 
condition in which it was before the storm. 

The decays incident to the working of new machinery were numer- 
ous. The original plan contemplated having all the machinery ready 
by the 1st of October, thus permitting a series of prelim.inary trials 
extending over a month before the regular season began. 

Instead of this, however, unavoidable delays, incident to the im- 
perfections of the machinery and the damage of the storm, postponed 
even the preliminary experiments until the beginning of December. 

A recital of the details of these delays would only lengthen the re- 
port without adding anything to its value. It must be said, how- 
ever, in this connection that the gentlemen associated with me worked 
earnestly and faithfuly through all the discouragements attending 
the jpr^aration of the machinery. 

Mr. Ernest Schulze, representing the Sangerhauser Company, was 
also present, and rendered valuable assistance in putting his cane- 
slicer in working order. 

The numerous defects in the battery and the cutter having been 
remedied, the apparatus of the Colwell Company was accepted on 
December 11, 1887. 

Mr. A. W. Colwell, the president of the company, was present 
during the final trials of the battery, and rendered valuable assist- 
ance ill putting it into working order. The defects in both cutter 
and battery were of a minor character, but were such as to greatly 
delay the use of new machinery for new purposes. The final work- 
ing of all the machinery was excellent and satisfactory. The season’s 
experiments, however, disclosed many improvements of a seemingly 
trivial nature, but by the adoption of which a more economical work- 
ing of the diffusion process can be secured. These improvements 
will be discussed in another place. 

The first results from the experiments were obtained from the run 

of December 3, 1887. 

The juice was treated wuth .3 per cent, its weight of lime, and after 
the precipitation of the lime with carbonic dioxide, an amount of 
lignite equal to 10 per cent, of the weight of the sugar present was 
added. 


/ 
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Tlie juice filtered readily tfirough the presses, forming firm, hard 
cakes. The filtered juice was treated with phosphate of soda, 15 
pounds of this salt being added for each 5,000 pounds of juice. 

The phosphate produced an abundant flocculent precipitate, which 
filtered easily through the twin filter presses, giving a juice of re- 
markable limpidity. The masse cuite, however, was dark, and the 
molasses much inferior in color to that made by the use of bone-black 
and ordinary clarification. 

The phosphate of soda did not produce as favorable results as h^d 
been expected, and its further use Avas discontinued. 

Folio AYing are the data obtained in the first run: 

First diffusion run, December 3, 1837. 


Juice from chips: 

First C 

Second 

Third 

Average 

Diffusion juice: 

First 

Second 

Average 

Exhausted chips: 
First sample . . 
Second sample 
Third sample . . 


Total 

solids. 


Glucose. 


Per cent. 

Per cent. 

15.20 

12. 01 

.96 

14.45 

11.92 

1.00 

15.45 

12.84 

1.02 

15. 03 

12.26 

.99 

10.88 

8.88 

.83 

10.40 

8.65 

.74 

10.64 

8.76 

.78 


.51 
. 7ii 
.91 . 


Average 


t 0 


Carbonated juice 


11.09 


9.20 


Waste water 

Semi-sirup 

First sugar 

Molasses from first sugar 
Second sugar 


51.80 42.20 

97. 50 

76. 30 45. 00 

'91. 60 


.70 

.12 

3.39 


11.11 


Cane used tons . . 80. S 


First sugar per ton .* pounds . . 146 . 1 

Second sugar per ton do — 40.1 


Total first and second sugars 186. 2 

Third sugar 15 

The total sugar in the cane at 90 per cent, juice was pounds . . 220. 6 

Of this there was obtained 146. 1 pounds at 97. 50 do — 144. 4 

And 40. 1 pounds at 91. 6 do ... . 36. 7 

Total pure sucrose obtained do — 181. 1 

Left in chips do ... . 14. 6 

Total left in molasses and lost in manufacturing do — 24. 9 


(Note. — The third sugar will not be dried until in May or June, 1888. The esti- 
mates of third sugar have been made by Mr. E. C. Barthelemy. 

extraction. 

The percentage of sucrose left in the spent chips was .73. Sucrose 
in cane was 11.03 per cent. The per cent, of extraction is therefore 
il.03 — .73 = 10.30 -H 11.03 X 100 = 93.4. 


SECOND TRIAL. 

Another trial Avas made of the diffusion machinery beginning 
December 9. Carbonatation was again used, but without lignite or 
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any further treatment. The juice passed directly from the filter 
presses to the double-effect pan. , 

The quantity of lime employed was .6 per cent, the weight of the 
j uice. The filtration was perfect. The experiment was remarkable 
in showing that a perfect defecation can be made with carbonatation 
with a much smaller percentage of lime than had been supposed 
necessary. 

The masse cuite was dark, but the sugar a fair yellow. 

Following are the data of the run: 

Second diffusion run, December 9, 1887. 


Total 

solids. 


Sucrose. 


Glucose. 


Fresh chips : 

First sample . . , 
Second sample 
Third sample . . 
Fourth sample 
Fifth sample . . 

Average 

Diffusion juice : 
First sample . . 
Second sanijile 
Third sample . . 
Fourth sample . 
Fifth sample . . 

Average 

Carbonated juice : 
First sample . . 
Second sample . 
Third sample . . 
Fourth sample 



Per cent. 

14.06 

11.70 

15.65 

13.64 

15.70 

13. 62 

15.50 

13.02 

14. 00 

11.18 

14. 98 

12. 61 

9.36 

7. f=3 

8.67 

7.25 

9. 68 

7.61 

10.40 

8. 69 

10.20 

8.45 

9. 66 

7. 96 


Per cent. 
1.04 
.70 
.75 
.81 
1.02 


.88 


.67 

.58 

.55 

.91 

.78 


.69 


9.12 
8.74 
10. 20 
11.40 


7.73 
7. 35 
8. 55 
9.00 


.65 

.57 

.50 

.73 


Average 


9.86 


Exhausted chips : 
First sample . . 
Second sample 
Third sample . . 
Fourth sample 
Fifth sample . . 


47.70 


72.20 


Average 

Semi-sirup 

First sugar 

Molasses from firsts 
Second sugar 


8.16 


1.58 

1.60 

.48 

.32 

.40 


.89 


38.90 
96.60 
42.40 
87. 30 


.61 


2.96 

io.M 


Yield of first sugar per ton pounds. . 128 

Yield of second sugar per ton do 43 

Cane used tons.. 90 

The total sugar in the cane at 90 per cent, juice was, per ton pounds . . 226. 98 

Of these there was obtained 128 pounds at 96. 6 do 123. 6 

And 43 poimds at 87.3 : .'.do...'. b7.'s 

Total pure sucrose obtained, per ton do ... . 1 61 . 1 

Pure sucrose left in chips, per ton do 17! 8 

Pure sucrose left in molasses and lost in manufacture, per ton do ... . 41. 1 

Third sugar estimated, per ton do 17 

Percentage sugar in cane extracted 92. 1 6 


The poor yield was due to use of thick chips during the first part 
of the run, causing a loss of 1.6 per cent, sucrose in the chips. 

THIRD TRIAL. 

In tliis run the use of carbonatation and lignite was discontinued. 
The diffusion juices were treated with sulphur fumes until well satu- 

AG 87 17 
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rated. They were then treated with lime and clarified in the usual 
way. ^ 

The clarification took place readily. The quantity of scums was 
very smalk and the sediment subsided rapidly, forming a thin layer 
on the bottom of the tank, permitting the clear liquor to be easily 
and completely drawn off. The juice passed at once from the clari- 
fiers to the double-eifect pan and subsequently received no further 
purification. 


Fresh chips : 
First sample 


vtical data obtained: 

«/ 


ion nm, Deccmher 10 cmd 11, 1887. 


1 Total 


solids. 

..... i 

Sucrose. 

r 

1 

Per cent. 

1 14. 39 

11.89 


Second sample ' 12. 7i 

Third sample j 14. 49 


Average i 13.88 


Diffusion juice: i 

First sample I 9 . 43 

Second sample 9 . 41 

Third sample ! 9 . 55 


10. 63 
12.06 


11.53 


Glucose. 


Per cent. 
.79 
.77 
.80 


.78 


7.82 

7.87 

7.86 


Average . 


9.46 


Sulphured juice; 
First sample . . . 
Second sample 


Averaa;e , 


9. 69 
9. 12 


9.40 


Clarifled juice: 
First sample . . . 
Second sample 
Third samplt;.. 


Avera^re , 


Exhausted chips; 
First sample . . . 
Second samxjle 
Third sample . . 
Fourth sample . 


Average 


Semi-sirup 

First sugar 

Molasses from first sis cm- 


9.95 
9.89 
10. 32 

10. 05 


7.85 


8.17 
7. 53 


. 85 


8 . 21 
8.06 
8. 39 


.62 

59 

67 


.63 


.66 

.58 


.62 


8.22 


.80 

.50 

.77 

.93 


. i 


'^5 


44.70 

'72.‘96‘ 


34.60 

96.30 

36.70 


.67 

.63 

.71 


.67 


2.87 

12.07 


First sugar per ton pounds . . 143 

Number tons cane used ... 110 

The molasses from the first sugar was boiled to string proof and 
put in wagons. A good crystallization of second sugar was secured, 
but the molasses having been left too acid,*a good separation was not 
secured* Mr. Bartheleiny therefore decided to reboil the molasses 
with some of the prodiict of the mill process, and therefore no state- 
ment of the^ quantity of second sugar can be given. It was estimated 
at 30 pounds per ton. 

The cane from which this run was made was grown on new back 
land and was the poorest of the whole season. 

The percentage of sugar extracted of total sugar in cane was 92.80. 

FOUKTH TRIAL. 

In this run the diifusion juice was treated with lime until almost 
neiiftral. It was then boiled^ skimmed^ and allowed to settlo. Tho 
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scums and sediments were of small volume and were all returned to 
the battery. 

The juice received no other treatment whatever for clarification. It 
was converted to sirup in a double-effect vacuum pan. The capacity 
of this pan was not quite great enough to evaporate the juice as fast as 
furnished by the battery. For this reason the run, which might have 
been finished in two days, occupied a part of a third day. The quan- 
tity of cane worked was 200 tons. 

Following is a record of the analytical data obtained: 

Fourth diffusion run, December 29, 80, and 31, 1887. 


Juices from fresh chips: 

A, M., first day 

P.M., first day 

Midnight, first day 

A. M., second day 

Midnight, second day 

A. M., third day 

P. M., third day 

Average fresh chip juice for run 

Diffusion juices: 

First sample, first day 

Second sample, first day 

Third sample, first day 

Fourth sample, first day 

First sample, second day 

Second sample, second day 

Third sample, second day 

Fmst sample, third day 

Second sample, third day 

Average diffusion juice for run . , 

Clarified juices: 

Average for first . 

Average for secourl day 

First sample, third day 

Second sample, third day. 

Third sample, tliird day 

Average clarified juice for run . , . 


W ~ ' ■ 1 " ' 

Total 

solids. 

Sucrose. 

' 

Glucose. 


Percent. 

Per cent. 

16.46 

14.23 

.49 

17.27' 

15. 33 

.43 

17.26 

15.12 

.43 

17. 13 

14.84 

.45 

16. 97 

14.93 

.54 

16.19 

13. 90 

.61 

16.26 

14. 05 

.50 

16.79 

14.80 

.49 

■ ■ 

1 


9.72 

8.71 

.32 

10. 09 

9.01 

.29 

11. 38 

10. 16 

.30 

11.60 

9.31 

.53 

11.10 

9.87 

.32 

10. 92 

9. 69 

.33 

10. 94 

9.77 

.44 

10.45 

9.31 

.35 

10. 87 

9.69 

.38 

10. 78 

9. 50 

.36 

10. 75 

9.34 

.32 

11.77 

10. 36 

.32 

12.01 

10. 36 

.41 

11.61 

9.78 

.38 

11.25 j 

9.51 

.36 

11.48 

9.87 

.36 


Juices from exhausted chips: 

First sample, first day 

Second sample, first day 

Third sample, first day 

First sample, second day 

Second sample, second day 

Third sample, second day 

First sample, third day 

Second sample, third day 

Third sample, third day 

% 

Average exhausted chip juice for mn 

Semi-sirup for first strike 

Masse cuite first strike 

First sugar from first strike 

Fii-st molasses from first strike 

Semi-sirup for second strike 

Masse cuite 

First sugar 

Molasses from second strike 

Average extraction 

Pounds first sugar per ton 

Per cent, ^gar extracted obtained in firsts 


37. 37 


76. 22 
40.00 


79.00 


.52 

.61 

.83 

1.12 

.72 

.95 

1.09 
1.30 

1.10 


.91 


33.10 
81.20 
98.40 

51.80 

35.10 
80.60 
98. 90 
55.60 

93.80 
165. 50 

66.20 


.99 


7.76 

1.19 


Second sugar per ton pounds . . 46. 9 

Third sugar per ton (estimated) do *18. 0 

Cane used tons . . 200 


* On February 29 I was informed by letter from Governor Warmoth that the third sugars from the 
fourth run had been dried and tveighed, yielding 3,723 pounds, or 18t6 pounds per tcmi 
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FIFTH TRIAL. 

. The fifth and last run of the diffusion battery was begun on January 
14 and finished on the 18th. This trial was made after the milling 
work had been completed. The diffusion juices were treated precisely 
the same way as the mill juices had been, and after passing over bone- 
black were concentrated to sirup in a Yary an quadruple enect, which 
had been in use with the mill juices during the manufacturing season. 

The working of all the machinery during this final trial was admi- 
rable, and the even march of the whole work promoted the efficiency 
of the machinery and the successful manipulation of the juice. 


Analytical data of fifth run. 


No. 

Brix. 

Sucrose . 

Glucose. 

No. 

Brix. 

r- - 

Sucrose. 

r— — 

Glucose. 

Fre^ chips : 


Per cent. 

Per cent. 

Diffusion juices— Con- 




397 

16.87 

14.23 

.74 

tinned. 


Per cent. 

Per cent. 

400 

16.39 

13,45 

.87 

450 

9.88 

8. 12 

.43 

403 

16.39 

13. 79 

.89 

453 

10. 87 

9.00 

.3^ 


17 09 

14 73 

, 6,8 

460 

9.89 


.45 

408 

16.86 

12. 11 

.75 

466 

10.67 

8.41 

. 61 

411 

17 16 

14. 73 

.64 

469 

10. 47 

8. 01 

.72 

414 

16. 93 

14.06 

.70 

473 

10.17 

8.02 

.48 

417 

17.00 

14. 50 

.61 

476 

10. 15 

7. 86 

.48 

420 

16 70 

13. 93 

.73 

479 

10.31 

7. 92 

.47 

433 

16.79 

14.11 

.74 

485 

10. 59 

8.26 

.52 

426 

17. 19 

14. 17 

.61 

491 

9.69 

7.53 

.61 

AO(\ 

1fi 7^ 

14 IQ 

5Q 





. 

437 

jIU, I o 

17 11 

14 55 

.61 

Maxirnum 


9. 28 

.72 

440 . 

16. 17 

13.48 

.75 

Minimum 


7. 53 

.34 

443 

16. 17 

13.43 

76 

Mean 


8.41 

.47 

A Ad 

ifi on 

1.3 QQ 

63 





^40 

449 

JLU, UU 

16. 63 

14. 39 

. 65 

Exhausted chips : 




4.'S9 

16 77 

14 28 


399 


..52 


459 

16 23 

13 29 

77 

402 


.21 


465 

16 03 

13 79 

76 

407 


.52 


468 

16 07 

13 35 

85 

410 


.32 


472 

16 84 

14 34 

64 

i 413 


.52 


475 

1() 37 

13 54 

82 

416 


.41 


478 

16 51 

14 17 

. 70 

419 


.33 


484 

16. 94 

14 38 

65 

422 


.42 


490 

15. 57 

14.52 

63 

425 


.42 






428 


55 


Ma.'vimnm 


14 73 

89 

431 


.42 


IVTiniTmim . . 


12 11 

59 

439 


.50 


McST] 


13.98 

.70 

442 


.50 






445 


42 


Diffusion juices : 




448 


.46 


398 . ... 

11.37 

9.28 

.60 

451 


.69 


401 

10 67 

8. 66 

.64 

454 


.55 


404 

10. 61 

8. 92 

.49 

401 


.51 


409 

10. 38 

8.53 

.41 

467 


.42 


413 

11.01 

9. 10 

.45 

470 


.39 


415 ... 

10. 91 

8. 60 

.43 

474 


.43 


418 

10 71 

8. 76 

.40 

477 


.54 


421 

1 0. 65 

8.77 

.40 

480 


.34 


424 

10. 57 

8.51 

.44 

486 


.22 


427 

10. 62 

8. 90 

.46 

492 ; . . . . 


.48 


4.^0 

10 65 

Q 05 

32 





438 

10.27 

8.46 

. 3.5 

Maximum 


.69 


441 .... 

10.73 

8.94 

.45 

Minimum 


.21 


444 

10.88 

8. 99 

.42 

Mean 


.44 


447 

49.50 

7.68 

.34 






The molasses from the first sugars being very rich, the method of 
reboiling to grain was employed. To this end the molasses of the 
first strike, having been reduced to 55 to 60 per cent, of total solids, 
was boiled on a nucleus of first sugar left in the pan from the second 
strike. In this way all the molasses was boiled to grain with most 
gratifying results except that from the last strike of the first sugars. 

The attempt to boil this to grain did liot succeed in giving a masse 
cuite which could be dried with ease. The molasses running from 
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the machines was so thick that it clogged them up. Seven large 
sugar wagons were filled wit.h this material and set in the hot'room. 

The sugars made were equal in every respect to those obtained by 
milling in similar instances. Without counting the secemd sugar 
above named, the grained sugar per ton amounted to 1&1.5 pounds. 
The grained sugars in wagons will yield not less thto 7,500 pounds, 
or 18 pounds per ton.’'^ 

The third sugars are estimated by Mr. Barthelemy at not less than 
16 pounds per ton. 

The total yield per ton of the fifth run will reach, therefore, 215.5. 
The number of tons of caiie used was 417. 


Summary of results. 


Number of run. 

Cane. 

Mean 
sucrose 
in juice. 

Mean 
glucose 
in juice. 

Su^ar 
grained 
in pan per 
ton. Firet 
sugar. 

1 

Tons. 
80.3 
00.0 
110.0 
200.0 
417. 0 

Per cent. 
13.26 
12. 61 
11.53 
14.60 
13.98 

Per cent. 
.99 
.88 
.78 
.49 
.70 

Pounds. 

146.1 

128.0 

143.0 

165. 5 

181.5 

3 

3 

4 

o 



Wagon sugar x>er 


ton. 

Total 
sugars 
l)cr ton. 

Second 

sugar. 

Tbird 
sugar (es- 
timated). 

Pounds. 

Pounds. 

Pounds: 

40.1 

1.5 

201.2 

43. 0 

18 

189.0 

*30.0 

12 

185.0 

45.9 

18 

229.4 

*18.0 

16 

t215. 5 


♦Estimated. 

tActual weight, 16. 3 pounds per ton, and 313. 8 iwunds total sugars per ton. The third sugars from 
this run were mixed with molasses from the mill products, and no separate return of it will he made. 


COMPARATIVE YIELDS BY MILLING AND DIFFUSION. 

The yield in first or grained sugars affords the best comparison of 
the two systems of manufacture. Judged by this standard the dif- 
, fusion process had given a yield of sugar fully 30 pounds per ton 
greater than was afforded by milling. For further data on this point 
see the report of Governor Warmoth farther on. 

CHARACTERISTICS OF DIFFUSION JUICE. 

The juice of diffusion differs from the mill juice chiefly in its con- 
tent of water. In addition to this, also, must be noted a slight in- 
crease in the ratio of glucose to sucrose. This is due doubtless to a 
slight inversion of the sucrose during the process of diffusion. From 
a commercial point of view the loss is insignificant. Further, it may 
be said that there appeared to be in the diffusion juice treated in the 

* The actual yield reported to me February 23, by Governor Warmoth, was 6,805 
pounds, or 16.3 pounds per ton. 
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ordinary way a slightly increased amount of gummy matter. This 
was noticed only in filtering the sirup through bone-black. In the 
strike-pan and the centrifugal the products of diffusion worked fnlly 
as well as those' from the mill. 

DISPOSITION OF CHIPS. 

An attempt Avas made to pass the chips through the five-roll mill, 
but it was found impracticable. The first rolls v/ould not take them 
easily, and the second set of rolls had to be opened somewhat to 
secure the proper feed. The bagasse issuing from the mill contained 
still 65 per cent, water and made a poor fuel. 

It would probably not be a difficult problem to so adjust the mill as 
to secure a proper drying of the chips. To return the chips to the soil, 
however, appears to be the most rational method of disposing of them. 

It is true that if spread too thickly on the soil the chips may prove 
highly injurious, but if distributed in a thin layer, covering almost 
if not quite the original acreage of the cane furnishing them, they 
would certainly prove adAmntageoiis. The chips would not only 
furnish organic matter to the soil, and thus increase its porosity, but 
they also contain still a considerable jjart of nitrogenous matter, 
which would afford a valuable plant food. Even the richest land 
should be treated fairly, and the cane-field should receive as nearly 
as possible as much as it gives. . The additional cost of replacing the 
chips on the field is a matter which should receive attention here, but 
the benefit will apparently be greater than the expense. During the 
manufacturing season the chips can be deposited in large beds, which 
subsequently can be transferred to the field. If time for the partial 
decay of the chips should be desired, the accumulation of one season 
need not be moved until the following year. 

DISPOSITION OF SCUMS AND SEDIMENTS. 

The scums and sediments were successfully treated by the process 
of carbonatation. The expense of a lime-kiln is not necessary for this 
work. It was satisfactorily done by dravvdng the carbonic dioxide 
gas directly from the stack of the boilers. As high as 11 per cent, 
of CO 3 was found in the gases from this source. 

The scuins, etc., treated Avith 2 to 3 per cent, of lime, are subjected 
to the action of the gas until the lime is precipitated. They then can 
be easily and rapidly filtered. 

By means of a cheap and convenient monte jus the scums and sed- 
iments were also returned to the battery. The method of operating 
was as follows: 

The scums and sediments from the clarifiers were collected in a, 
tank furnished with a steam coil to keep them at the boiling temper- 
ature. This tank Avas connected with a monte jus of 50 liters capac- 
ity. This apparatus was connected with the compressed-air service 
used in operating the battery. It was so arranged that the master 
of diffusion, or his assistant, could operate it directly from the cen- 
tral column of the battery. 

After each cell was filled with chqis, 50 liters of the scums were 
run into the monte jus from the storage tank, and, by means of com- 
pressed air, poured into the full cell. The process of difiiision was 
then continued in the usual way, The quantity of liquid draAvn from 
each cell was increased by the amount of scums added. F or instance, 
if 900 liters Avere the amount regularly drawn, 950 AA^oiild be taken 
from a cell to which the scums had been added, as above indicated. 
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No deterioration of the diffusion juice could be deteoted in usin^ 
this method. 

This procedure was also used during the progress of the work con- 
ducted by the Department at Fort Scott during the season of 1887. I 
have been told that a patent has been applied for to cover this pro- 
cess, and have therefore placed on record the experiments made at 
Lawrence for the public benefit. 


THE USE OF LIGNITE. 

In order to get lignite of the best i)ossible variety and in the best 
form for use, a few tons of the ground article were purchased from 
the inventor of the process of filtering Aviili brown coal, Mr. Fritz 
Kleeman, of Schonigen, Germany. 

I have already alluded to the successful use of lignite in conjunction 
with lime and carbonic acid. 

This experiment, however, did not show that airy beneficial effects 
were prodiuced by the introduction of the lignite. 

Afterwards experiments were made by Mr. Kleeman himself, using 
lignite alone. Mr. Kleeman said the arrangement of the clarifying 
tanks was not suitable to the process. The filter cloths were soon 
clogged and the attempt at filtration had to be abandoned. 

Later in the season I received a letter from Mr. W. J. Thompson, 
of CalupQot Plantation, in which lie said that he would make a trial 
of the process under more favorable conditions than obtained at Mag- 
nolia, and requesting me to send him enough of the Kleeman lignite 
for that purpose. This I gladly did. Mr. Thompson made a rnn of 
nineteen clarifiers with lignite, but found so many difficulties attend- 
ing the work that its further progress tvas abandoned. On the other 
hand, Professor Stubbs, at Kenner, Avorking Avith a small press, 
secured results that were highly satisfactory. 

The results of the work with lignite shoAv-— 

(1) That on a large scale the filtration takes ]ilace with great diffi- 
culty, unless a very great quantity of the lignite he used and the 
juice he neutral or slightly alkaline. 

(2) That with a slight excess of lime, precipitated vuth carbonic 
acid, lignite can he successfully used to increase the filtering surface. 

(3) The decolorizing poAver of lignite varies Ai^ith the nature of the 
sample. In some cases this proj)erty is present in a high degree ; in 
others, entirely absent, 

(4) The successful working of the proci^ss on a small scale Vv'ould 
indicate that it might be worked commercially. 

(5) In juices as pure as those of sugar-canes, filtration through 
lignite, even if easily done, does not seem to be necessary. 

I had expected to have Mr. Thompsoirs complete re^jort oli the 
experiments with lig^iite before this time, but it has not yet been re- 
ceived. f 


COMPARATIVE YIELD FROM MILL AND DIFFUSION BATTERY. 


The comparative yield from the cane-mill and the diffusion bat- 
tery is giAmii by Governor Warmoth in a pajier read before the 
Planters' Association at the February meeting, viz : 

The first cane Avorked Avas from second year stubble, and it gave us 146 pounds 
of first sugar to the ton and 40 pounds of seconds. 

*See Report of Mr. Thompsou, j)Ost. 
f Mr. Thompson’s report was received March 5. 
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The molasses was put into the cisterns with the other, and we can not give any 
estimate of the thirds. Our mill gave us 145 pounds first and second sugars from 
this cane. 

The next test was from some green cane, grown on new land, yielding 28 tons 
of cane per acre, considerably blown down and sprouted in a small degree. This 
had much less sugar in it than the first cane. Yet we got 128 pounds of first sugar 
and 43 pounds second sugar per ton from it. 

Our mill gave us 140 pounds of first and second sugar per ton from this cane. 

, The next run gave us 165.5 pounds firsts, 45.9 of seconds ; total, 211.4 pounds, 
with thirds in the wagons, which we estimate will give us 15 pounds more, a total 
of 226. 4 pounds. 

The next run was on 450 tons of cane, beginning on the 13th of January, ending 
on the 18th. This cane v/as rich and fine. It had been killed on the 26th of De- 
cember, was not windrowed, but was in fine condition. From this cane diffusion 
gave us 181 pounds of first sugar and grained seconds, with enough left in the 
wagons to bring it up to 223 pounds. From this cane we got 193 pounds of first 
and second sugar by our mill.* 

All of this shows about the same difference between diffusion and our mill- work 
of about 35 pounds of sugar per ton of cane. I do not mean to be invidious when 
I say that I think we got a little better extraction by our mill than any of our 
neighbors. My friend, Mr. Dan Thompson, got more sugar to the ton of cane in 
1886 than we did, but this result was obtained not so much by his extraction as by 
the skillful work in the balance of his house, in which I firmly believe the equal 
does not exist in Louisiana. 

It is safe to say that the average yield per ton of cane in the State is not over 110 
pounds. I believe diffusion will bring the average up to within the neighborhood 
of 200 pounds, a gain of certainly 75 pounds, and perhaps 90 pounds, per ton of cane. 

My nearest neighbor, Mr. Bradish Johnson, obtained the past season 136 
pounds of sugar per ton of cane. We are within 3 miles of each other ; our land is 
much the same ; our cultivation is substantially the same. It is fair to assume his 
cane was as rich as mine, yet we had about 175 pounds of all sugar per ton, a dif- 
ference of 39 pounds of sugar per ton on our mill- work, and about 71 pounds differ- 
ence on the diffusion work. Take his estate for illustration : 

His 10,000 tons of cane gave him 1,390,000 pounds of sugar. Had he worked his 
crop by diffusion he would certainly have had 70 pounds more sugar to the ton of 
cane. This would have increased his yield 700,000 pounds of sugar, which, at 5^ 
cents per pound, would have given him $38,500 more for his crop than he received. 

Take my own crop of 13,300 tons of cane. Had I worked it by diffusion I would 
have had pounds more sugar per ton. This would have given me 465,000 pounds 
more sugar than I obtained, an aggregate of 2,865,000 pounds of sugar from about 
600 acres, or 4,750 pounds per acre. The cash increase of my crop would have 
been, at 5^ cents per pound, $25,592.50, a difference to Mr. Johnson of $3.85 per 
ton of cane, and to me, on my crop, of $1.82^ per ton of cane. 

QUANTITY OF JUICE DRAWN PROM EACH CELL. 

The cane used for diffusion was weighed and delivered, chiefly on 
cars, to the cutter. The trash which becomes detached in handling 
the cane was collected in carts and weighed, and its weight deducted 
from, the total. No account was taken of the trash which entered 
the cutter. 

It was found that the average weight of chips in each cell, when 
filled in the ordinar^^ manner, was 1,757 pounds. One cell filled with 
extra care was weighed, and the weight found to be 1,860 pounds. 
It was thus seen that by careful packing it was easy to get 100 pounds 
extra weight of chips into each cell. 

The quantity of juice drawn from each cell varied from 900 to 1,000 
liters, or from 2,059 to 2,288 pounds. 

The mean quantity of juice drawn for the first four runs was nearly 
2,170 pounds. Assuming that in each 100 pounds of chips there is 

*In respect of the last run, the analytical data show that the cane worked by the 
mill during its last run, from which 193 pounds per ton were made, was richer 
in sucrose by nearly 1 per cent, than that worked at the last diffusion run. 
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90 per cent, of juice, we have in 1,757 pounds of chips 1,581.3 pounds 
of normal juice. 

The quantity of diffusion juice from this was 2,170 pounds. The 
increase over normal juice is therefore 589 pounds, or 37.2 per cent. 

In the last run a much greater dilution was secured. In order to 
^et a slow current of the juice throuj^h the calorisators the master of 
diffusion was instructed to begin filling the cell with juice when it 
was about half full of chips. At the end of the run it was found 
that the introduction of liquid had caused a floating of tlie chips, 
and that the weight of chips in each cell had been greatly dimin- 
ished. Thus a higher dilution of the diffusion juice was secureff than 
was intended. The very perfect exhaustion of the chips during the 
last run was partially secured by this means. 

The mean weight of chips in each cell during the last run was 1,500 
pounds; the weight of normal juice 1,350 pounds, giving an increase 
of 60 per cent. This dilution is greater than is necessary for diffusion 
work. With a battery of sixteen cells I think the dilution could be 
easily reduced to 30 per cent, and the extraction be satisfactory. 

COAL CONSUMED. 

The quantity of coal consumed depends, first, on the efficiency of 
the boilers and evaporators employed; second, on the quality of the 
coal, and, third, on the dilution of the juice. 

In beet-sugar factories the method of computation is geneirally based 
on the dilution arising from drawing 180 pounds of diffusion juice 
from each 100 pounds of beet cuttings. In respect of evaporation 
what is found to be true of beet juices will also apply to cane juices 
of the same density. 

From the arrangement of the machinery at Magnolia it was found 
impossible to measure the quantity of coal consumed by the diffusion # 
work. In the last run, when the milling work was over, the centrifu- 
gals were run drying seconds and the vacuum pan boiling thirds dur- 
ing the process of the work. 

In addition to this, a part of the steam used was furnished by the 
bagasse boilers, using wood and coal as a fuel — not an economical 
method of making steam. 

As nearly as could be estimated, the quantity of coal required to 
make a pound of sugar was 2 pounds. The actual quantity of coal 
which would be required with the best boilers and evaporators may 
be found by consulting Dr. Karl StanimeFs latest edition of Text- 
book of Sugar Making,’’ pages 873 et seq. 

When 180 pounds juice are taken for each 100 pounds beets the con- 
sumption of coal to reduce the juice to a sirup of GO per cent, total 
solids is as follows: 

rounds. 


With double-effect pan 13.00 

With triple-effect pan 9.10 

With quadruple-effect pan 6. 76 


To reduce the sirup to masse cuite requires 4.44 pounds. 

We find, therefore, the following quantities of coal necessary for 
each 100 pounds raw material giving 180 pounds of juice: 


For a double effect 17.94 

For a triple effect 13.54 

For a quadruple effect 11.20 


If, now, we take the ordinary dilution for sugar-cane, the following 
numbers are found: 
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In evaporating 180 pounds of diffusion Jnice from 100 pounds -out- 
tings to 60 p.er cent, sirup^ 156 pounds^! water are evaporated. In 
evaporating 125 pounds of diffusion juice to same density, only 101 
pounds of water are driven off'. To evaporate 156 pounds of water 
13.26, 9.10, and 6.76 pounds of coal are used for double, triple, and 
quadruple effects, respectively. For the same weight of cane chips, 
giving 125 pounds of diffusion juice, the quantities of coal consumed 
would be 8.58, 5.89, and 4.44 pounds, respectively. To reduce this to 
masse cuite would require the same consumption as before, viz, 4.44 
pounds. One hundred pounds of cane chips will yield by diffusion 
an average of 10 pounds of sugar for the whole State of Louisiana. 
The coal consumed in evaporation, therefore, would be: 


Pounds. 

For II double effect 13.02 

For a triple effect 10. 33 

For a quadruple effect 8. 88 


The above computation includes the exhaust steam from the pumps, 
centrifugal engine, etc. The quantity of steam reqiiired to run the 
battery must be added to the aboA^e. It certainly would not amount 
to more than 2 pounds per 100 of cane used. 

With the best apparatus most economically arranged the total con- 
sumption of coal per 100 pounds of cane would be: 


Pounds. 

For a double effect 15. 02 

For a triple effect 12. 33 

For a quadruple effect 10, 88 

Reduced to 1,000 pounds of sugar from cane yielding an ‘average 
of 10 per cent, of all sugars, the figures become: 

For 1,000 pounds suorar — Pounds 

With double effect 1 502 

I With triple effect 1, 233 

W ith quadruple effect 1 , 088 


In all these calculations the coal is assumed to be of fair average 
quality, and to be able to convert 6 pounds of Avater into steam at 
usual boiler pressure for each 1 pound of coal. In general, then, it 
maybe said the quantity of coal required to make 1,000 pounds of 
sugar .by diffusion varies from 1,000 to 1,500 pounds, according to 
the system of eA^aporation employed. 

Diff usion can only be made an economical success when the best 
machinery and the most economical methods are employed. The 
great objection which has been urged against it, viz, the increased 
cdnsurnption of fuel required, is entirely removed when the process 
is carried on under the economical conditions which have been men- 
tioned. 

To attempt to introduce diffusion with old and worn-out apparatus, 
defective boilers, and open pans Avould simply be disastrous. It can 
only succeed Avhen the highest mechanical skill, associated with the 
best scientific control, directs all the operations of the sugar-house. 

In the one experiment Avhere actual weighings have been completed 
of the whole product, viz, the fourth run, the quantity of sugar made 


per ton is: 

^ Pounds. 

Firsts 165.5 

Seconds 45. 9 

Thirds 18.6 


Total 230.0 
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I do not think, therefore, that it is extravagant to believe that with 
the best culture and most economical method of manufacture the 
yield per ton of cane in Louisiana may be brought up to ,200 pounds. 
The introduction of diffusion means almost a complete rehabilitation 
of the average sugar-house. It would be unreasonable to expect that 
planters will have the money and the desire to undertake such a 
radical change, or at least to make it rapidly. 

But it seems to me that the gradual introduction of diffusion, with 
its concomitant machinery, will work a great change in the sugar 
industry of the South, bringing success and prosperity where for 
years a hard struggle for existence has been going on. 

The final result, I sincerely hope, will l)ring into cultivation the ex- 
tensive areas of rich sugar lands now lying idle and increase the pro- 
duction of the State of Louisiana to 500,000 tons annually. 

I can not close this report without expressing my hearty apprecia- 
tion of the support t have received from the sugar-planters. The 
great majority of them were skeptical in respect of the process, but 
all were anxious that a thorough trial should be made. 

Particularly I desire to thank Governor Warmoth for his constant 
and enthusiastic support and for generously giving $5,000 and more 
to continue experiments when the funds appropriated for them had 
been exhausted by the expensive delays caused by the cyclone and 
imperfections in the machinery. Without this timely aid the whole 
work would have been stopped on the very threshold of success. 

The advice and encouragement of Messrs. Dymond and McCall, 
members of the advisory committee, helped me ‘greatly during the 
most trying days of the work, when it seemed an almost hopeless 
task to wrestle further with difficulties of a purely mechanical nature. 

The active co-operation of Mr. J. B. Wilkinson, jr., was a source 
of constant assistance during the whole progress of the work, which 
is but inadequately recognized by a simple sentence of thanks. 

Of my own assistants, Messrs. Barthelemy and Spencer had charge 
of the erection of the building and of the apparatus, excejjt that put 
up by the Colwell Company. 

Mr. Barthelemy took charge of the sugar-making during the var- 
ious trials, and Mr. Spencer had the general supervision of the diffu- 
sion process and particularly of the lime-kiln and carbonatation appa- 
ratus. Messrs. Crampton and. Fake took charge of the chemical 
work. Mr. J ohn Dugan was master of diffusion. Mr. R. Sieg, as 
consulting engineer, rendered much assistance. His long experience 
and thorough knowledge of the literature of diff'usion rendered his 
services particularly valuable. 

Finally, I will say that no one recognizes more fully than myself 
the many imperfections noticed during the progress of the experi- 
ments in the machinery and methods employed. I have endeavored 
not to conceal these, believing that in pointing them out a service is 
rendered the jjublic only less valuable than that secured by com.plete 
success. 

The success of the work at all three stations has been most grati- 
fying, and the diffusion process for the manufacture of sugar has 
been advanced beyond the experimental stage bv the labors of this 
Department, beginning in 1883, and it is now offered to the sugar- 
growers of the country with the confident assurance that it is the 
best, most simple, and most economical method of extracting sugar 
both from sorghum and sugar canes. 
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BROWN COAL AND WOOD CHAR IN THE FILTRATION 

OF CANE JUICES AND SIRUPS. 

Report of W. J. Thompson. 

Calumet Sugar-House, Bayou Teche, La., 

Wednesday, February 29, 1888. 

Dear Sir: Pursuaiit to tlie conditions attaching 9 tons of German 
lignite furnished him by the U. S. Department of Agriculture for 
experimentation in cane- juice filtration at this factory, I am instructed 
by Mr. Daniel Thompson, its proprietor, under whose exclusiye 
patronage the experiments have otherwise been conducted, to make 
you the following report concerning the same: 

A miniature apparatus, comprising mill, steam defecators, open 
steam evaporators, subsiders, and a laboratory frame filter-press 
from Wegelin and Hiibner, center-feed, executea in bronze, of one- 
half square foot filtering area, arranged for complete di^lacement, 
offered reasonable facilities at all times to small work. Four Kroog 
presses ©f thirty frames, 220 square feet filtering surface each, so 
mounted with respect to receiving vessels, juice, and lixiviating 
pumps, safety-valves, and like appurtenances as to have operated 
upon scums throughout the season without suggesting alteration, 
besides eliciting the eulogiums of the inventor of the so-called Brown 
coal process, served during industrial trials. All pipes were of cop- 
per or brass, pumps of bronze, and the plates, perforated sheets, 
frames, and other iron parts of the apparatus in contact with juice 
all thoroughly painted, as insurance against discoloration of prod- 
ucts. A well-arranged chemical laboratory, unusually well equipped 
for investigations connected with sugar, was also provided. 

Mr. B. Remmers, an English expert in mechanical filtration and 
sugar refining, well known to readers of the Sugar Cane Magazine, 
assumed technical control of the experiments, assisted by Mr. R. A. 
Williams, chemist from the Louisiana Sugar Experiment Station, 
Mr. J. P. Baldwin, a local adept in defecation, and two long-time 
employes of the factory. 

A preliminary study was made of cake formation. For this pur- 
pose Spanish whiting, variously colored, as with aniline dyes and 
alizarine, kept mechanically suspended in water by vigorous agita- 
tion, Avas pumped into the chambers, the cakes being finished off at 
high pressures to insure extreme solidity, which, after removal, were 
cut into sections, longitudinal and transverse. It was found that, 
with constant or very gradually increased pressures maintained 
within the chambers, and a liquid kept under unaltered conditions, 
the cakes formed by extremely uniform accretions, beginning with 
a thin and even coating of the entire filtering area, over which the 
various colors used deposited one upon the other, as fed in succes- 
sion to the press, in likewise thin and equable layers, until the cham- 
bers were quite filled and filtration ceased. With oscillatory press- 
ures and with substances of widely differing specific graAdties, such 
as whiting, brown coal, red lead, AA^ood char, and ultramarine, one 
following upon the other, the A^arious lamiiiJB proved most irregular 
in their deposition upon the filter-bed, being comparatively of excess- 
ive thickness in parts while running out altogether in others, the 

E lane of contact being besides often obliterated or scarcely defined, 
ecause of partial intermingling betAveen the different substances 
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employed. Tlife same effects, also, found their cause in the use of 
any given substance fed alternately in fine and coarse division, or at 
first in high followed by low percents of the matrix. 

There can be little doubt that for the best results in general filter- 
press work, this indicates, as afterwards substantiated, for sugar 
liquors by the use of hydrostatic columns on the one hand and inter- 
mittency secured through means of a by-pass valve on the other, the 
first importance of constant pressures, freed especially from the 
vibratory pulsations of ordinary pumps, and a liquid so agitated 
while awaiting the process as to carry to the press, at all stages of 
this, a reasonably uniform percentage of whatever matrix is em- 
ployed, the laws of hydratilics, as illustrated in silt-bearing streams, 
here again exhibiting themselves in complete application. 

Satisfied that the mechanical arrangement or the large apparatus 
was appropriate to the intervention of a matrix and that the small 
answered to all the essential conditions of the large, systematic work 
with brown coal, under what is known as the Kleemann process, 
began on l^Toveu^er 29. Five long tons of this article had been im- 
ported by Mr. fianiel Thompson, through the Sangerhausen Ma- 
schinenfabrik, Germany, which, however, was so superlatively unfit 
for its destined duty, by reason of uneven and inadequate pulveriza- 
tion, as to have required previous and, of course, laborious hand- 
sifting. 

It was first sought to learn what relation varying quantities of 
this article bore to speed in the filtration of defecated but unskimmed 
juices. With this intent different percentages, based upon the esti- 
mated weight of the contained sucrose, as the most convenient, al- 
though not assuredly the most rational standard of reference, were 
employed with the results which follow: 


Lignite, 
per cent, 
on con- 
tained su- 
crose. 

" ' ' ^ 

Juice filtered per oper- 
ation ; 3 0 - f r a m e 

Kroog press. (Ap- 
proximate gallons.) 

Average time of one 
operation (Approx- 
imate hours.) 

Average 
juice per 
press, per 24 
hours. (Ap- 
proximate 
gallons.) 

Average 
juice per 
square foot; 

filtering 
area per 24 
hours. (Ap- 
proximate 
gallons.) 

Maxima. 

Minima. 

Filtering. 

Lixiviating 

and 

emptjdng. 

7.5 

2,800 

2,000 

8 

3 

6,220 

28.3 

15 

2,000 

2,100 

G 

3 

5,466 

24.6 

22.5 

1,500 

1,600 

4.5 

2.5 

5,296 

2^1.1 

30 

1,200 

1,300 

3 

2 

6,000 

27.2 

45 

950 

1,050 

1.5 

1.5 

8,fi00 

36. 3 

60 

700 

800 

.75 

1 

10, 275 

46. 7 


The average juice per press and per square foot of filtering surface, 
per twenty-four hours, stand calculated on the basis of a sixty-day con- 
tinuous run. Here, taking the average weight of the juice at 8.85 
pounds per gallon and its sucrose at 13^ per cent., for percents of 
lignite upon sucrose contained may be substituted percents of the 
same on the weight of juice or pounds of the former per 100 gallons 
of the latter, as exhibited in the annexed scheme: 


Lignite, per cent, on weight of 
sucrose in juice 

7.5 

15 

OO K 

30 

' 

46 

60 

Lignite, per cent, on weight of 
juice 

1 

O 

3 

4 

6 

8 

Ligpiite in pounds per 100 gallons 
of juice 

8.85 

17.7 

26.55 

;35.4 

53.1 

70.8 
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The juices treated during the interval of this work remained, so far 
as could be ascertained, essentially uniform as respected adaptability 
to filtration, as, indeed, they have done up to present writing, being 
referred in this regardoccasionally to an arbitrarily selected st^andard 
by careful weighings of defecated juice, brown coal, and products 
operated upon in observed times on tarred-paper filters. The analyses 
of raw juices for those dates which cover this series of determina- 
tions, as made in the course of diurnal routine work, are presented 
below. 


While they may serve for general comparison with the lilce as ob- 
served in other portions, of our tropical cane belt, no relation has yet 
been noted to exist between the amounts of sucrose, reducing sugars, 
or other known constituents of the juice, and the difficulties exhibited 
by this in filtration. In the latter regard it is not possible to say if 
that which has here been experimented upon fairly represents Louis- 
iana's avera^’e. It would seem, indeed, to be otherwise, since, in the 
treatment of scums, great difficulty is reported to have been expe- 
rienced in almost if not every other local factory possessing filter- 
presses, while at this no other process of manufacture was through- 
out so satisfactorily performed. 


( 



Average solidsi ... 14. 72 

Average sucrose 11.68 

Average reducing sugars (^-lucose) 1. 44 

Average co-efficient of purity (exponent) 79. 34 


Plant cane, 27*5 tons (rirca) per acre, blown jirostrate September 16. 

E'rom these trials the resulting extremes, in round numbers, have 
alone been given. Variations in temperatures and in pressures, both 
with juice and displacement water; in density and completeness of 
defecation with the former; in perfection of cake and lixiviation 
sought, as in other similar variables, some premeditated, others at 
times uncontrollable, render, as will be understood by a trained ex- 
perimentalist like yourself, absolutely definite and thoroughly iron- 
clad figures quite out of the question. The a verage amounts of juice 
put through given filtering areas in fixed times have, however, in fact, 
most neainy corresponded with those presented as minima. 
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In general^ it may be safely said^ the most satisfactory filtrations 
were uniformly of juices slightly acid only, 180° F: [circa), under 
pressures which, initially low, were most gradually increased until, 
at finishing oli, 60 pounds per square inch had been attained. Neither 
reasonable increase of pressure nor higher temperatures than these 
availed perceptibly. Boiling after the addition of the lignite pro- 
duced no good result later in filtration, when intimate admixture of 
matrix and liquid had been maintained. Of displacement, or the 
depletion in sugar of the cake, more will be said hereafter. 

Utterly at variance as the coal percentages and time volumes indi- 
cated are with promises which had preceded the process to this country, 
they proved as persistent as they are disappointing. From 30 to 45 
per cent, on the estimated crystallizable product present were shown 
over and over again to be the smallest of coal consistent with reason- 
able amounts of work done in given times, with given filtering areas, 
whether by the experimental or the working apjiaratus. Upon this 
last from one to three consecutive defecators, of exceeding 1, 300 gal- 
lons each, were repeatedly essayed. Separate treatment of skimmed 
liquors and their scums did no better in the aggregate. Those sub- 
stances which peculiarly interfere with filtration appear to be removed 
only in minimum degree with the skimmings and sediments. Were 
this otherwise, separation and recovery of juice from the lattei* by 
filter jjressing, as now practiced, would scarcely be feasible. It was 
the same whether with a lime, a sulphurous acid and lime, a lime and 


phosphoric acid, an acid suli^hite of alumina, or an acid albumen 
defecation, under the Willcox patent, and with these re-agents in all 


solubility in such. Basic lead acetate showed no better effects with 
the small press than the rest. Carbonatation alone succeeds, and 
this, as you told me, requires no lignite. Repetition, later repeated, 
with foreign lignite prepared under Mr. Kleemann’s individual super- 
vision and furnished by your Department, as also with native coals 
obtained from the Louisiana Sugar Experiment Station and other 
sources, comminuted at home, aggravated the disappointment. All 
degrees of pulverization were tried. The amounts filtered seemed 
tolerably constant for stubble and plant-cane juices and for juices 
from freshly-cut canes, and from those many weeks windrowed. 
From old-la'nd cane they did doubtfully better than from new; those 
deteriorated as a frost effect not altogether so well, perhaps, as those 
not so injured. With cane freed from its adhering cerosin, by sand- 
papering prior to crushing, it went no better. Butts showed no de- 
cided superiority to middles and tops. 

In all cases the filtered juices, whether from fekimmed liquors or 
scums, or the two treated without previous separation, whether from 
high or low percentages of brown coal, and with whatever defecating 


purity 1 
} 0 riallv 


cured. The exponent, on the average, was raised not materially^ to 
exceed 1 per cent, of total solids attributable to the coal, exclusive 
even of sweet waters. A few analyses, taken at random from the lab- 
oratory records, sufficiently illustrate this. In every case the non-fil- 
tered and filtered samples reprosenfi as nearly as practicable^ the same 
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juice. For the large presses these were taken in equal volumes at 
the discharge openings of defecators and presses, respectively, at in- 
tervals of three minutes, always so as to represent by pairs identical 
defecators of juice and identical defecations, before and after nitra- 
tion, Avhich, following adequate admixture of each series, as obtained 
from individual defecators, were resampled. This was permitted^by 
the admirable arrangement of the coai-mixing receivers, which con- 
tained each precisely the amount from one defecator, and which were 
filled and emptied alternately in rotation. The effect of a thorough 
cake washing, the sweet water being mixed back propoi^tionately 
with the filtered juice, of which it was the after-product, is shown in 
the last tAvo analyses. 



Defecated, not filtered. 

Filtered, 30 to 40 per cent, 
brown coal. 

o 

a 

0 ) 

s 

Date. 

Solids. 

Sucrose. 

Glucose. 

Exponent. 

Glucose ratio. 

Solids. 

Sucrose. 

Glucose. 

Exponent. 

Glucose ratio. 

Improvement in 
nent. 

Remarks. 

1 

1 

1887. 













Dec. 28 

16.44 

13.0 

1.84 

79.08 

14.15 

16.43 

13.3 

1.80 

80. 95 

14. 15 

1.87 

Frosted cane. 

28 

16. 44 

18. 0 

1.84 

79.08 

14. 15 

16.03 

12.9 

1.78 

80.47 

13.79 

1.39 

Cake from the above used. 

20 

16. 44 

13. 6 

1.46 

82.72 

10.70 

16.44 

13.8 

1.38 

83.94 

10.00 

1 OO 


30 

17. 05 

13.0 

1.25 

81. 52 

8 . 99 

16.48 

13.6 

1.19 

82.52 

8.75 

1,00 

Willcox albumen defecation. 

81 

1. J .00 

11.7 

1.44 

78 00 

12.30 

14.70 

11.6 

1.40 

78. 91 

12.07 

.91 


1888. 













Jan. 2 

15. 00 

12.6 

1.20 

84.00 

9.52 

15. 30 

13.0 

1.30 

84. 97 

10.00 

.97 


3 

15.17 

12.3 

1.0/ 

81.08 

8 . 69 

15.20 

12.6 

1.10 

82. 89 

8-00 

1.81 


4 

15.11il2.3 

1. 10 

81.40 

9.67 

14. 56 

12.0 

1.13 

82. 41 

9.41 

1.01 


10 

16.46 

13.5 

1.00 

82. 01 

7. 41 

15. 96 

13.3 

1.01 

83.33 

7.52 

1.32 

Large presses, Willcox defe- 
cation. 

17 

16.44 

13. 5 

1. 10 

82.11 

8, 17 

15.12 

12.6 

1.02 

83.33 

8.09 

1.22 

Large presses,, lime defeca- 
tion. 

17 

16. 63 

13.6 

.96 

1.00 

81.77 

7.06 

15. 67112.9 

.83 

82. 32/ 

6.43 

. 55 

Large presses. 

17 

16.47 

13 5 

81.96 

7.40 

15.5712.8 

.89 

82.21 

6.95 

.25 

Large presses, pro rata of 
sweet H 3 O included. 

17 

16.36 

13.6 

1.06 

83. 12 

7. 79i 

1.5.29 

12.9 

.94 

84.37 

7.28 

1.25 

Large presses. 

17 

16. 36 

13.0 

.91 

79. 46 

7.00 

15.34 

12.2 

.83 

79.53 

6.80 

.07 

Large presses, pro rata of 
sweet IIoO included. 

17 

15. 90 

13.4 

.98 

84.27 

7.35 

14.78 

12.5 

.90 

84.57 

7.20 

.30 

Do. 

]\Ieans . 

16.08 

13.1 

1.22 

81.46 

.31 

15. 52 

12.8 

1.16 

82.47 

9.06 

1.01 



After that, due to the use of 10 or 15 per cent, of lignite on the 
weight of sugar present, no commensurate effect was observed to be 
produced in the direction of increased purity by the addition of fur- 
ther quantities. This fell off verj^ slightly or not at all, however, as 
filtration proceeded towards its finishing point, as also more or less 
in lixiviation, depending, as seemed shoAvn, upon a lower or higher 
percentage of coal employed. Believing the application of the pro- 
cess to Louisiana juice condemned by the excessive quantities of lig- 
nite found essential to sufficiently rapid filtration and by its failure 
to realize a higher gain in purity, before reaching conclusive knowl- 
edge of these minutte jt should be said these have not since been ac- 
corded that systematic inquiry which otherwise they would have 
deserA^ed, 

As decolorizers of saccharine liquors, either dilute or concentrated, 
certain brown coals are, on the other hand, surprisingly effective. 
In the table annexed are given to the nearest per cent, the color re- 
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peatedly removed from defecated juices, by varying percentages of 
the article furnished by your Department, referred in each series 
to standard samples prepared from the defecated juice dealt with by 
mere passage through filter paper. This paper filtration is a neces- 
sity, since suspended matter, lighter in color than the mother liquor, 
partly by preventing the transmission of light through this last 
and partly by itself reflecting light, gives invariably, in simply sub- 
sided juices, a tint too light by a number of degrees.- The percentages 
of color removed were uniformly measured by the relative length of 
columns made to give the same tint as the untreated standard when 
contained in tubes of like glass, of caliber such as to avoid a decided 
meniscus, and with light of equal intensities transmitted from below 
in lines parallel to the columns’ longitudinal axes. 


Lignite, per 
cent, on 
weight of 
sucrose. 

Length of 
columns, 
mm. 

Per cent. 

color 

removed. 

Unfiltered 

10 


5 

28 

64 

10 

36 

72 

15 

50 

80 

20 

64 

84 

25 

80 

88 

30 

02 

89 

40 

100 

90 

50 

112 

91 


In the foregoing the juices were treated nearly to neutrality with 
lime alone. With sulphurous and phosphoric acids, acid albumen, 
acid sulphite of alumina, or even a decidedly acid lime defecation, the 
percents removed were, of course, reduced, there being a less intetiSe 
primary tint. No other lignite gave such high effects as that fur- 
nished by your Department. This will be seen from the accompany- 
ing approximations, obtained with from 22.5 per cent, to 25 per cent, 
of lignite on the weight of sucrose filtered, expressed in maxima and 
minima to the nearest 10, sulphur fumes having' been used on the 
juices, the sirups not having been treated with coal prior to concen- 
tration : 


Lignite, where obtained. 

■ 

Per cent, color removed. 

Juice. 

Sirup. 

Maxima. 

Minima. 

Maxima. 

Minima. 

Sangerhausen Machine Works, Ger- 





many 

GO 

40 

45 

35 

United States Department of Agricult- 





m e, prepared by F. Kleemann, Ger- 





many 

80 

60 

50 

40 

Louisiana Sugar Experiment Station, 





mined in Alabama 

70 

50 

45 

35 

J. B. Friedheim, Camden, Ark 

60 

40 

40 

30 

B. F. Bead & Co., Mineola, Tex 

GO 

40 

40 

30 


The higher effect of your article is perhaps attributable, in con- 
siderable measure, to a more perfect pulverization than that secured 

AG 87 18 
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in other samples, the degree of this exercising an undoubted in- 
fluence. As was noticed in the matter of purity co-efficient, after the 
use of some 15 per cent, further amounts added were out of all pro- 
portion tq the increase in effect. The power of lignite to absorb or 
otherwise destroy or remove is apparently confined to those contained 
substances producing particular color effects only. For these its 
affinity is certainly very great, animal char or bone-black, in the 
lower percentages, being found altogether out of comparison with it 
in this regard. These colors suppressed, however, by a relatively 
small cpiantity of tlie lignite, ralditional ({uantities produce but little 
useful effect, the remaining coloring matters being those for which 
it possesses little or no affinity. This' hypothesis , explains the fact 
that, having used so much as oO to -15 per cent, to secure rapidity of 
filtration, the cake from one operation was found to have lost none 
of its decolorizing power upon a second application, though it no 
longer filtered with tlie same efficiency. Its inhuence upon the ex- 
ponent, also, seemed to liave diminished little by Id^e previous use 
upon juice, although corLsi(lerably more so after the filtration of dense 
sirups not first treated as juice, a fact possibly finding its explana- 
tion on the same lines. Plxcept for the Te3xas sample, all the coals 
examined gave up slight airiount of greenish coloring matte i’, 
whether boiled 


J.U 


distilled 


water, juice, or sirup, all showing like- 
wise an acid reactio]i, your r)\vu Iseing most pronounced in the latter 
parti cular. 

A hard and apparently very dry cuke wnas obtained with whatever 
variety of lignite, if employed in amounts a;l)ove 15 per cent, of the 
contained sugar, provided oub,' ample time v^as accorded its forma- 
tion. It was, however, in all instances of higli percents, exceed- 
ingly porous as compared with scum cake linished off at correspond- 
ing pressures, weighing ]jor pinss always in close proximity to the 
ascertained average of (370 pounds ad a final pressure of 60 pounds, 
of which, after lixiviation at 40 pounds pressure, 49 per cent., a little 
more or less, was moisture. 

Since with a juice polarizing 16 p)er cent, sucrose some 46 pounds 
of the latter would- be otherwise lost from each p)ressing, equal to 
ne cidy 3j>er cent, of the entire amount trHated, supposing 1,300 gal- 
lons of juice to 1)0 put tliroiigh, with ;]0 per cent, of the brown coal, 
at each operation, fho inqmrtanco of lixiviation can scarcely be over- 
stated. ISTo press except arranged for this supplementary process in 
its most complete attainment would, of course, be admissible. This 
work is too uniformly accompli slied by steam, by reason of channels 
at* once cut outlines of least resistance, vdiicli, besides, leaves the 
press too hot for immeuiate niaiiipul.ation and severely taxes the 
cloths. Hob water results in too rapid and too great a rednetion of 
the purity co-efficient-, possibly because of the action of heat upon tlie 
solubility of some among tlie retained impnrities,, Cold water cer- 
tainly performed best, ail things considered. 

The theoretical amount of so-called displacement water was found 
altogether inadecpiate. For a 30-frame Kroog j)ress 200 liters are, 
for reasons not necessary to stat( 


supposed 


CO 


bo the exf reme limit 


of requirement. 'Idris amomit when passed in one hour — already a 
serious loss of time compared with the filtration itself, which con- 
sumes but three with 30 per cent, of coal — gave at finishing off a 
Sweetwater still running at an average analysis of: Solids, 6.77; 
sucrose, 5.0; reducing sugars, 0.52; exponent, 73.87. Assuming the 
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49 per cent, of retained moisture on the 670 pounds of cake to be juice 
diluted to the same hgures, we should have : 

Pounds. 

As water 328. 30 

As contained solids 23. 83 

As dilute juice ' 352. 13 

ecpial to 25.5 per cent, of the cakes’ weight, which would mean the 
loss per operation of 670x0.525x0.05 = 17.58 x>oiinds sucrose, or 352 
X 0.05 = 17.60 pounds sucrose, or to 17.60x46.1 = 811.36 pounds suc- 
roseper day’s work of 60,000 gallons of juice, using 30 per cent, of 
lignite. 

As a matter of fact, anpjysis of the cake showed this to contain 2.8 
per cent, sucrose, or 18.76 pounds of the latter per pressing — a seem- 
ing paradox, dispelled by physical examination. This sufficed to 
reveal how the vcater, first linding its wa.y past the cake on its line 
of contact Avifli the iron frame, thoroughly lixiAuated the extreme 
peripheral portions of this, afteiuvards to pass here in important vol- 
umes without effecting any good purpose, while yet having accom- 
plished only £i very partial depletion of more central parts. Here 
was met the tliiivl and last serious technical objection to lignite; one 
which, since it is multiplied by the number of j)ressings required for 
given volumes of juice filtered, must apjjly to the use of any matrix 
just in proportion as larger or smaller amounts of this are essential 
to the results sought. 

There appeared to offer two methods of escape from this difficulty, 
each, however, iiwolving a dilemma. Lower lixiAuating pressures, 
while jjroducing much better etfects, prolonged the time required 
for the operation so far beyond the reasonable as AA^ould need double 
or treble the filter-press plant. Increased quantities of Avater em- 
ployed reduced the exponent, prolonged the time, and increased the 
evat>oration correspondingly. A third expedient was less effective, 
but offered some collateral ad vantages, to wit, more perfect pulveri- 
zation of the matrix. There can be no reasonable doubt that the 
finer the state of division to vdiicli broAvn coal is reduced the more 
rapid becomes nltratioii, the more complete the decolorization effected, 
the more solid its cake, and the loAver its final per cent, of retained 
juice. Sifted tliroagh the finest of millers' silk bolting-cloth, it per- 
forms better duty in eA^ery respect than otherAAuse. It is advisedly 
stated, and vuth positiA^eness, after repeated experiment, that lignite 
can not be too finely prepared, on a large S(.*ale at least, for cane- juice 
filtration, by any mechanical means at present command. DissoL^ed 
even in strong alkalis and reprecipitated jis an impalpable poAvder, 
its efficiency is yet further enhanced. 

As a last recourse higher juice pressures, even up to 300 jjouiids 
per square inch on the small press, Avere used. Tills, though it 
unquestionably left reniaining a cake charged likewise Avith less 
juice and so uniformly compact as to be better adapted to displace- 
ment, again Avas attended AA^itli too serious a loss of time, both in fin- 
ishing off and in subsequent lixiviation, to compensate the advantage 
in sugar redeemed or evajjoration avoided. Pressures in excess of 
100 pounds per square inch are, besides, not feasible in industrial 
practice. 

A single industrial run of twenty-four hours was finally made J an- 
uary 16 and 17 Avith brown coal, with intent primarily to dcA^elop 
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and locate any unforeseen mectianical difficulties incident to contin- 
uous work. Numerous such arose, of course, each happily, however, 
' suggesting at once its own certain remedy. If, technically, this large 
effort was not as satisfactory as might have been anticipated from 
the painstaking arrangements made for and well-organized and pre- 
cise management accorded it, it was yet successful beyond all ex- 
pectation in solving those problems which must ever attach in cane- 
juice work to the application in filter presses on a considerable man- 
ufacturing basis of any matrix whatever. It removed at a stroke 
all necessity for the yet more extensive operations which, as you 
know, had previously been proposed. 

It is needless here to weary you with the details of this day’s run, 
which, with its antecedents rather than with its consequents, demon- 
strated conclusively, as is believed, that while the filtration of the 
entire body of defecated juice thus, with brown coal, stands well 
among the mechanical possibilities, its application can by no means 
now conceived with us be rendered remunerative to the Louisiana in- 
dustry. This your discernment will already have made quite as clear to 
you by what precedes as it ca-n b}^ any present comparison between the 
weights and x^olarizations of its resulting products and those custom- 
ary to the establishment in its treatment of like raw materials. Such 
data, indeed, await vour command, but indicate to me no variation 
in rendement beyond that attributable to the accidents and incidents 
common with every-day factory experience. There occurred nothing 
of the oft and persistently predicted clogging, either of pumps, con- 
duits, presses, or cloths. The cloths at the end of twenty-four hours 
showed no loss of transmitting power, and were washed with sur- 
prising ease. 

In quality of products, no doubt, some advantage was recognized 
to accrue, bone-coal not being employed in the factory. Notwith- 
standing, in this particular also disappointment was felt. In no 
other respect than this, surely, did the results of this experiment 
compare even favorably with those secured by Mr. G. L. Spencer, in 
1886, with the Remmers and Williamson wood-char process, under 
the patronage of your Department at its Magnolia Station, as these 
stand officially reported in your Bulletin No. 15 (pp. 20-25, inclusive). 
So much more effective has vegetable char than brown coal been 
shown also in our own work, both as a filtering and as a defecating 
agent, that, having abandoned the latter altogether, experimentation 
since several weeks with the former, in a laboratory way, with seed- 
cane, has now been in seemingly successful progress here. The fol- 
lowing is not an unfair comparison, so far as experience yet teaches, 
between the two articles applied to juices somewhat deteriorated by 
long storage of canes: 



Matrix required 
on weight of 
sucrose. 

Improvement 
of purity co-effi- 
cient. 

Decolorization 

sulphured. 


Per cent. 


Per cent. 

Brov/n coal 

30 to 45 

0.30 to 1.90 

60 to 

Wood char 

6 to 12 

1.50 to 4.30 

6 to 12 


Lignite presents other disadvantages, as well, in comparison with 
woofl charcoal. Upon concentration to sirup, juice filteied with 
whatever percentage of it, whether reduced wfith the low tempera' 
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tnres of vacuum evaporation or under atmospheric pressure, givefe 
invariably an additional precipitate of matter probably rendered in- 
soluble solely by the increase of density, such precipitate has at 
any time, with any defecating agent, been observed after filtration 
wi th wood coal. How weak is its absorptive power, beyond that for 
coloring matters, is shown by the fact that, after filtration through 
])aper alone, an improvement of but 0.03 in the exponent was secured 
to sirups from the ordinary lime defecation by subsequent treatment 
^ 7 ith 30 ijer cent, of the lignite. Below are the averages: 


[Concentrated in double effect.] 


Simp. 


Ari;ei' primary filtration 

throag,’h paper 

After subsequent treatment I 
with 30 percent, lignite ... 
nise in purity co-eMcient 
with lignite , ; 


Solid.g. 1 Sucrose. 

i 

1 

Glucose. 

Expo- 

nent. 

Glucose 

ratio. 

57.60 47.2 

4.55 

81.94 

0.64 

1 

02.70 ' 51.4 

1 

4. 76 

81.97 

9.58 

i 


0.03 


1 




Although when freshly ground, and yet containing from 30 to 35 
per cent, of liyroscopic moisture, it can be readily brought to mix 
intimately by mechanical means with the juices, this is scarcely to 
be accomplished in the large and regular quantities required if, hav- 
ing been long prepared, desiccation to 15 or 20 per cent, has not some- 
how been j^revented ; in which state, if sufficiently comminuted, it 
excels not only the kneading requirements of patent flour fourfold, 
but becomes even dangerous from liability to spontaneous combus- 
tion. This infers the necessity for a grinder on the premises, with 
engine, foundations, sifters, elevators, mixers, shafting, belting, and 
their like ad libitum, in a structure apart from the factory building 
proper, which last would needs be protected from the attendant dust, 
as another serious sugar-making complication and care. Such a 
plant has been estimated, by a probably competent European en- 
gineer, to cost, for a 60,000-ponnd diurnal output, erected upon this 
property, exclusive of the presses and their immediate appurten- 
ances, but inclusive of building, not less than $10,000. Wood coal 
can, on the other hand, safely be prepared during the leisure of idle 
months, at home or elsewhere, and be mixed in the greatly reduced 
amounts called for, as wanted, with the most simple and inexpensive 
devices, or be stored without injury or danger from season to season. 
Even wood char, however, for satisfactory filtration, should also 
contain a considerable percentage of moisture when ground. Other- 
wise the first run of liquor is likely to come charged with the char, 
requiring refiltration. It appears that this, unlike lignite, may be 
rendered in part too pulverulent, which last the enforced presence of 
snfiicient moisture at the time of its reduction is believed to prevent. 

Brown coal, again, is not known to exert even a favorable mechan- 
ical action on the soiks productiveness ; that wood char exercises 
valuable functions in this regard is well understood among agron- 
omists. If in the ordinary filter-pressing of scums and sediments 
well- 3 iigh the entire fertilizing content of the juice itself ^is already 
secured, leaving no credit for such properly to be conceded to either, 
for this mechanical advantage of charcoal something may well be 
deducted from its estimated first cost to manufacture. It presumably 
absorbs from the juice, also, fertilizing material in excess of the 
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brown, coal, equivalent to the additional rise it secures in the ex- 

E onent of this. The aggregate bulk of brown coal required would 
e such as might well preclude economic distribution over the fields. 
Considering the quality of the nati ve brovni coals as yet examined, 
the cost of transportation, and, if iin])orted, tlie duty a])on such enor- 
mous quantities of these as are demanded, the price of vegetable 
char, it appears, should compare most favorably with tliem through- 
out the Louisiana sugar belt. Brown coal, in sugar vroi’k, demands 
also a royalty under letters patent ; the patents upon Avood chai*. in 
this application, liave been permitted to lapse. Brown coal can not 
be revivified. Wood char, it is believed, can be reburned by super- 
heated steam in any state of comminution, if found desirable. It 
remains to be known from the distillation of Avhich variety of Avood, 
however, the best quality of the last-named article for the purpose 
proposed is to be obtained. As saAV-dust, oak is known to perform 
best, probably because of its excess in tannic acid. 

As of application AvitJi AAdiate\mr matrix emplo}^ed it is pertinent 
only to add, as a further result of our experience in the matter, a few 
convictions touching the appliances best suited to the treatment of 
juice in considerable Amlumes. 

The advantage of duplex, double-acting plunger pumps, extra large 
for their duty and operated at loAv-piston speeds, vAdtji exceedingly 
capacious air vessels and sensitive safety AuilA^es rdaced close to the 
pumps, the last of equal conducting capacity witlj the feed-pipes, 
was fully indicated. To thus insure, by every micans, against sudden 
variations of pressure, such, especially, as the Aubratory pulsations 
inseparable from ordinary pumping ])lants, seemed essential to a cake 
of maximum uniformity and uniformly well adajAted to lixiAdation 
in all its parts, as before ins,isted. Witli the lixiviating apparatus 
itself this completeness in erection is even more prominently to be 
indorsed, except tliat, as no grit is here to be encountered, piston 
pumps should suliice. A continuous stream of liquid running from 
the safety valves, both juice and lixiviating, should be maintained 
during operation. In tiie most perfect practice no approach to theo- 
retical displacement iias been found to occ'inv This supplementary 
process is, nnfortniiately, at trie most avg Iiave been able to make it, 
little more than ]i.as been exyn-essed AvitI i the Avord iixi viatioii. Whit- 
ing and highly colored liquids render its study facile. 

The absolute necessity to the process of (iiamher presses, Avhether 


top, bottom, or central feed, and, coiiA^erSel;/, the total iinsnitability 
of frame presses in general tt) it, was left in no doulit. Each opera- 
tion consumes so sliort an i liter vaJ that a large percentage of total 
time is spent bi eiiipfbyiiig, A chamber press can be emptied readily 
in one-half the period (‘oiisiiniod 03^ one of the frame A^ariet}^ for the 
same number of cakes. As the slotlis need be removed not oftener 
than twice a vv^eek, the loss from this source, in employing such, is 
negligible. It is not true that cloths wear most rapidly from use in 
chamber presses, except those lie ill constructed. Tlie tendency dur- 
ing lixiviation Avhich tlie AAmter exlibdls, Iiowever this be fed and no 
matter Iioav superlativcl}^ perfect the nake is, to cut of itself a ready 
mid continuous cliannol about the cake’s periphered joint Avith the 
iron frame, has been mentioned. This results in a sludge formed 
along the cake^s feather edges which, upon openijig the press, runs 
more or less, despite the best ({ifort, doAvui the tTaniois sides, espe- 
cially along its bottom portions, compromising the joint which this 
afterwards makes with its adjoining cloth. Following three rounds 
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with, brown coal, such a press can not be made tight, and after four 
or five may even refuse to close, except the surfaces be laboriously 
cleaiised with iron scrapers. In chamber presses the peripheral joint 
is made between cake and cl‘)th aiid not betvv^een cake and iron. 
From this fact alone it is far more perfect. Its form, however, if 
properly designed, is of yet greater importance and, presenting no 
longer necessarily a line of least resistance, reduces the chance of 
sludge, besides insuring, other things equal, a more uniform and 
complete displacement with reduced quantities of water by prevent- 
ing the formation of such water channels as those before described. 
If by any chance a small amount of semi-liquid material hero runs 
in like manner, notwithstanding, this interferes in but half degree 
with a press joint now made between two thicknesses of the fabric 
instead of between iron and one such. Although in tojj and bottom 
fed chamber presses the liquor inter-ports of the individual chambers 
may be of greater diameter than those possible \v ith frames, yet from 
liability to obstruction the center feed is to be preferred. 

Any filter press constructed for the use of brown coal or any of its 
congeners should be recessed for Id instead of for 1-inch cakes. This 
statement will not remain true except that in all cases the wisdom of 
employing the matrix in excess is confirmed. A yet greater thick- 
ness ill these might then 2 )erhaps prove still more advantageous were 
it not the limit at which, in sinfii presses, flic cloths have been made 
to stand. Without attempting an explanation of the fact, it remains 
that, with chambers of increased thickness, higher results per square 
foot of filtering area are attained, this dimension even doubled, curi- 
ously enough as it would seem, requiring but a very small fraction 
more of time for cake completion than before, so long as a slight ex- 
cess only of matrix is in eacli instance employed. This is best illus- 
trated in starch manufacture. Speed in filtration is, then, increased 
by this innovation, except for deficiency of matrix; a relative reduc- 
tion in the amount of sweet water to be dealt Avith is secured atid 
proportioiitate time is saA^ed in ein.])tying. 

Since it consumes no more time to empty thirty chambers present- 
ing 400 square feet of filtering area tlian thirty aggregating hut 220, 
presses of the former size should alone be used for the purpose under 
consideration. Snch are decidedly cheaper in first cost per square 
foot of filtering surface; are as readily liandled and kept tight, and 
require, proportionately to the work done, fewer laborers. They 
occupy scarcely more space. 

The presses should he Avorked in batteries after the English plan, 
instead of by rotation, as practiced in G ermany. This avoids a fall 
of jAressnre, Avith consequent loss of tiiiie and a cake ill suited to lixiv^ 
iatioii in the other active presses, Avhen one freshly prepared is set 
in operation. It also permits, Avliich is of much consequence, low 
pressures at the start, which are gradually increased to high at the 
finish, a practice precluding all attempt at governing the pressure at 
the pump’s throttle by an attached pressure regulator. 

A precipitate iuA^ariably following evaporation, by whatever means 
accomplished, of juice filtered through brown coal, the filtration of 
sirup was accorded some study. For this purpose from 12 to 15 per 
cent, of lignite on the Vv^eight of sugar operated upon was found 
necessary to satisfactorily rapid AA^ork, previous treatment notwith- 
standing. Again the improA^ement in purity AA^as not marked, aver- 
aging 0.82; that in color being the more coiispicnous result, at about 
40 per cent, of this removed. 
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For sirups from unfiltered juices tlie ratio of lignite had, of course, 
to be increased until percentages approaching those employed with 
juice had been attained. Equal amounts would probably have been 
necessary, in terms of sugar, except for scums removed and some 8 
to 10 per cent, of the juice itself already filtered with these, decan- 
tation of clear liquor from shimmings not having been practiced. 
Mere bulk, thus, in the filtrate, was seen to exercise no perceptible 
influence in this work. The dilution of sirup by the addition of 
water in any amount can, of course, in no wise reduce the quantity 
of coal required, which is determined alone by the quantity and 
quality of non-sugar dealt with. I^either the net result in purity nor 
in color was equivalent in filtered sirup from unfiltered juice to that 
secured in unfiltered sirups from filtered juice. The glucose ratios 
of sirups first filtered as such were always considerably higher than 
those of uniiltered sirups derived from filtered juices of like quality. 
It is supposed that by the filtration of juice, though this is left in all 
cases more acid by the process, certain active inverting agents are 
removed, thus reducing the losses otherwise sustained in concentra- 
tion. The brown coal also removed an amount of reducing sugars 
relatively larger than that of sucrose lost in the operation, the glu- 
cose ratio being almost uniformly lower after than before filtration, 
whether of juice or sirup. The ash is also reduced. 

Not above 550 gallons of sirup from unfiltered juice could be put 
through a 30-frame Kroog press with 25 per cent, of brown coal on 
the weight of its sucrose at one operation, this, complete, occupying 
about four hours. A f-inch frame or chamber was found ample in 
the treatment of sirups, but even for this work 400-foot presses, it is 
thought, would be preferred. Thinner frames would be necessary 
with reduced percentages of lignite. Lower pressures than those 
mentioned for juice gave the more satisfactory results, which also 
should be extremely steady. 

The cake from sirup filtrations following that of the juice, with or 
without lixiviation, when mixed with the amount of fresh coal neces- 
sary to bring the total of this to the usual standard, was found to 
perform about as well on a fresh supply of juice as an equal total of 
fresh coal, the amount of the latter being thus proportionately re- 
duced. In practice this would obviate the difficulty of sweet water 
from the sirup filters. Wood char was given no trial in connection 
with concentrated liquors. .The whole subject of sirup filtration in 
filter presses merits more thorough investigation than circumstances 
have yet permitted at this factory, although success with such can 
scarcely supplant the far greater necessity for previous treatment of 
the juices. 

Experiments, by no means exhaustive, were also made with the 
Bauer process. This failed from the first. The mucilaginous im- 
purities, passing through the interstices of the bone char, reached 
and occluded at once the pores of the cloth, thus bringing operations 
to a speedy termination with every trial. The cloths were washed 
with great difficulty. To fully meet every prejudice the entirely in- 
utile use of various fabrics was resorted to. With bone-black, from 
coarse to finest, the result was always the same. Indeed, as is well 
known, animal char in sugar work is an extremely poor filtering 
rnedium, no matter how skillfully revivified, and except for the pre- 
liminary Taylor or bag filtration could scarcely be used after the 
manner or in the percents at present common except upon the high- 
est centrifugal goods, even in the refining of sugars from which the 
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major portion of non-siigar lias alreadfUleen removed^ upon the plan- 
tation, in scums, sediments, and molasses — substances which are yet 
left remaining with us in our treatment of juices. It is imperative 
with this article, in our work at least, that it he used in quantities 
quite beyond the utmost ability of filter presses to accommodate. 

Notwithstanding the meager results as yet secured, eventual suc- 
cess in the economic mechanical filtration of the entire body of defe- 
cated juice is not altogether despaired of. Its difficulties have been 
greatly underrated. All the juices thus far dealt with have "oeen the 
product of milling under pressures attaining from 65 to 78 per cent, 
of these upon the weight of canes crushed. So successful through- 
out has been the routine work in this establishment with skimmings 
and settlings from all manner of canes and with many modes of defe- 
cation, and so small has been at any time the immediate imj)rove- 
ment in the purity co-efficient attributable to it, and yet, by com- 
parison, so easy and rapid a second filtration, as to have forced a 
conviction that in but an exceedingly small part of the total non- 
sugar resides well nigh the whole difficulty. This probably minute 
portion of especially refractory material has been traced as an in- 
soluble, suspended impurity to raw juice direct from the rolls, which 
presents in the filter practically all the perplexities encountered after 
defecation and may be followed thence quite to the molasses. The 
microscope has not identified it at WO diameters. Fermentation fails 
to remove it. Although itself probably inert and harmless, it suffices 
to render most difficult or altogether impossible a process which, in 
effecting an immediate improvement, if only of several points in the 
exponent, would yet suffice before the by-product was reached to add 
directly or indirectly a decided increment to the otherwise possible 
rendement. Your success in filter-pressing carbonated diffusion 
juices this season of 1887-88 at the Magnolia Station leads to the hope 
that this small part, whatever it may be, is either in great measure 
eliminated from the artificial juice by diffusion, or else is amenable 
to chemical treatment (other than carbonation), such as it is reason- 
able to suppose will not escajie adequate research. In either case the 
benefit to accrue would become important to the local industry, the 
substitution of osmosis for pressure' in juice extraction by large cen- 
tral factories now seeming as if eventually inevitable. 

It is proposed by the proprietor that the investigation of this sub- 
ject shall continue at this place uninterruptedly throughout another 
season. At his desire I express the hope that it may not be impossible 
with you to detail a chemist from your department to aid in this 
search for an improved defecation. It is not to be overlooked how, 
to the present, your Department, in pursuing its inquiries with re- 
spect of sugar manufacture, has neglected altogether the sulphur 
regimen universally found in Louisiana's practice, excepting only at 
its previously chosen station. 

With much respect, sir, I am yours, very truly, 

W. J. Thompson. 

Dr. H. W. Wiley, 

' Chemist, U. S, Department of Agr iculture, 

Washington. D. C. 
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INVESTIGATION OF FOOD PRODUCTS. 

CEETAI5T PLANTS OF ECONOMIC VALUE AS FOOD FOE 
MAN AND STOCK IN TEXAS AND NEW MEXICO. 

By Clifford Richardsot^. 

During tlie past few years several plants liave been brcaiglit to my 
attention which are in use for forage pmrposes or as food for man 
in Texas and New Mexico. They belong to the genera Opuntia, 
Dasyhrion, and Agave. One of the Agave species has been super- 
ficially examined, from a chemical point of vieiv by O. Loew in his 
reports to the Wheeler survey.^ It is not of agriouitural importance, 
that I am aveare.but it is of interest because of its chemical relations 
to the others. The Diisylirlon species, known as Sotol, I have al- 
ready noticed in the Annual Report of the Department of Agricult- 
ure for 1883, pages 242-244. It belongs to the family Liliacece. Gen- 
erally described it consists of a caudex 2 to 5 feet high, bearing a 
rosette of light-green leaves 3 or 4 feet long and to do iuch broad, 
expanding into a flesliy base 1 to 2 inches broad, and a flowering stem 
8 to 10 feet long, f It is the fleshy bases of the leaves, forming a dense 
cabbage-like head, which are usecj for feeding purposes. The outer 
are black and hard, while the inner are yellowish-wliite and succu- 
lent. The heads %veigh (> or 7 pounds, of vvdiich the soft edible por- 
tion forms one-third. The shepherd splits the head open with a knife, 
after which the sheej) or cattle readily gel at the succulent interior, 
and in time become accustomed to pull off the outer leaves. Sheep 
living on it can exist witliout water in wdiitei^ for four or five months. 
It is eaten by man, when prepared by roasting in pits, after the man- 
ner of the Agave. It is also fermented into a mescal or highly intoxi- 
cating liquor, known from the name of the plant as Sotol mesal.'' 

The plant grows abundantly in westeiii Texas and Mexico on 
rocky and gravelly soil, and flourishes in the driest seasons. An 
iiiAU3stigation of the soft interior showed that about 40 per cent, of 
juice may be expressed from it, wdiicli is sirupy, and consists of 
over 30 cent, of solid matter, correspoiidiiig to sugars, eqiiiva- ‘ 
lent to — 

Per cent. 

Reducing sugar, as dextrose 60 

Sugar, reducing after inversion, as sucrose 26. 44 

An examination of the Avliole head shovred the presence of between 
15 and 10 per cent, of sugars. The reducing sugar resembles dex- 
trose, but the principal siigcur is not - sucrose, since the juice polar- 
izes 30° to the left before inversion, marking it at once as new, 
since no non-reducing sugar of such rotatory power is known. It 
is readily inverted, even on boiling, with production of a substance 
other than sugar, besides the reducing matter. The plant is there- 
fore distinguished by the presence of a large amount of a glncoside ■ 
readily decomposed, and which could be further investig;ated with 
interest. 

The agave examined by Dr. Loew was also found to contain a 
large amount of a similar substance. It was a species related to 

■^Reporus of the Surveys West of the 100th Meridian. Lieut. G. M. Wheeler in 
c 1 i m- .. V ol . Ill , Geology , 010,611. 
f Watson, Proc. xlmer. Acad., xiv,, 249. 
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Agave decipiens called Maguey or Mescal, and used by the Indians 
as food. Of it lie says : 

The undeveloped leaves are folded into eacli other like a bud, and are perfectly 
white and soft as long as no sunlight reacdies the]n. The taste is sweet, afteinvards 
somewhat biting. These heart leaves when exposed to lieat assume a very sweet, 
at the same time sour taste. When roasted several hours, they become soft enough 
to remove the fibrous p^ortions. 

There is no j^eciiliar smell, and the change is like that of no known 
substance. No starch or similar matter is piresent, and a redncing 
sngar is formed without the aid of acid, although none is originally 
present. Mere boiling with water is sufficient. The products of the 
inversion were proved to be dextrose or a similar reducing sugar and 
citric acid. The peculiar substance is therefore a glucoside. The 
sugar in Dasylirion and that of Agave are so much alike that, being 
derived from such similar plants, their relation is of interest. 

The Opuntia species, whicli was next examined, it was thought 
might resemble the two preceding p)lants. The specimens which 
were forwarded to Washington were sent through the courtesy of 
Hon. A. J. Dull, of Harrisburg, Pa., with the request that an 
analysis be made, as the plant was of importance for forage purposes 
and was attracting some attention in soutliorn Texas. The species 
was not identified vvith certainty, but was either Opjinf iatiLna or one 
closely allied. It is Iviiown by the Mexicans as Cacannapo, and in 
this country as cactus or Prickly Peai’, the succulent joints, not 
properly the leaves, being the portion of value for fodder. The re- 
sults of the ordinary fodder anal} sis were sent to Mr. Dull with the 
comment that the material showed a deiiciency^ in albuminoids, and 
should be combined for feeding purj)oses with substances rich in 
nitrogen. At the close of the season c.. reply was received in regard 
to the results of the use of the p>lanl from Dr. A. G. Garrothers as 
follows, which explains the peculiarities and uses of the dilferent 
Opuntia species. 

In compliance with your request of July 27, I send to-day by mail specimens of the 
thick cactus known hy the Mexicans as Nepal de Buey, or the Cactus of the Ox,” 
together with sx^ecimens of its fruit, the flowers being unattainable at this season, 
collected at luka Ranch, La Salle County, Tex., 28 miles nortli of Mr. DulTs ranch. 
As to x^ractical information in regard to tlie apiJication of the x^lant as fodder in 
Texas and Mexico, I wall state that I have studied this matter for a couple of years, 
believing that it j)ossessed a considerable food value. 

While living in Mexico I saw that the Mexican teamsters, vdio did the freighting 
of the country witii oxen, \vero able to work tlieir steers all printer and keep them 
in good condition by collecting tbo x^ear leaves, burning the thorns off them, and 
feeding them to the oxv?n. i found the Mexican freighters in Texas doing freighting 
Oil tlie same food, al<)ngsl<Je of the Americaiis who were feeding high xu'iced corn to 
their animals, and maintaiuiijg their animals hi as good or better condition than 
their comxietitors. Froui this I concluded that the Fricldy Pearovas ricli in growth 
X>roducing elements. 

About 1878 or 1879, while on a visit to the Leona Ranch Comx^any in Zarella 
County, Tex., the foreman told me that he had just received a consignment of 52 
thoroughbred and high grade Durham bulls from Kentucky, late in the fall, and 
did not kixow how to feed them. They cost aliout $150 each. I advised him to scorch 
the thorns off tlie |^<^ar leaves, chop them u|3, x')ut them into •troughs, and sprinkle 
them with corn-meal and s?dt, and feed them to his bulls at night, allowing them to 
graze on the Mesquite grass {Bnchloe dactyloides) during the day. He did so, and 
next year he assured me that his bulls wintered in good style, and were fat and 
vigorous the next spring. His vrife also volunteered the information that she 
thanked me for the suggestion, as she had fed some of her milch cows on the same 
food and that she had made as tine butter all through the winter as she had ever 
made in Illinois. Since that I have fed my milch cows at the ranch on the scorched 
pear alone, with marked benefit to their milk and butter-xu’oducing qualities. ■ Several 
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of my friends have done so with like results. My foreman tells me that his father, 
as an experiment, shut up some hogs and sheep in a pen in July, and gave them no 
food or water for six weeks except what they derived from the scorched pear leaves, 
and that they greatly impro ved in flesh during the time. About sixteen months 
ago (April, 1885) I asked the pastor of 3,000 sheep grazing on some of my land when 
he watered his slieep. He replied that he gave them no water except what they 
got from the pear, and that they had not seen water since the previous October, 
for six months, at shearing time. I liave since verified his statement, and it is 
well known that sheep and cattle can subsist indefinitely upon the pear in the 
winter months. During the severe drought of last w’inter and the previous one 
many thousands of cattle were fed upon the scorched pear leaves, but it was the 
universal experience that it was necessary to give some species of ‘‘roughness ” with 
it; that if fed alone it would not be assimilated, and would cause ‘ ‘ scouring ” or diar- 
rhea. On the Nueces River, below my ranch, thousands of trees covered with Spanish 
moss v^ere cut down. for the moss as a food for the cattle in conjunction with the 
scorched pear leaves. The moss is not regarded as possessing much nutritive value, 
but rather as the diluent and bond of union to the pear, to enable the animal to prop- 
erly ruminate it. Colonel Miller, member of Congress from Gonzales district of 
Texas, v/ho owns the finest herd of Holstein cattle in the State, tells uie that he has 
fed his entire Holstein Jierd of about 80 head for the past five years on the leaves of 
the Prickly Pear thoroughly cooked with cotton-seed. He covers the bottom of a 
large sheet-iron box with the scorched and chopped pear leaves, rilling it about two- 
fhirds full of pear, then fills the box with cotton-seed, throws a few bucketsful of 
water into the box, builds a fire under it, and cooks the cotton-seed with the steam 
which arises. He assures me tliat his cattle keep fat all winter upon a sma^ll jjasture 
which could not otherwise suiiport them. Judge Blackburn, of Burnett, Tex. , gives 
me substantially the same statement, from feeding it to a herd of imjiorted cattle. 
The Dolores Land and Cattle Company, composed of my brother, W. 8. Carothers, 
and my cousin, G. A. Searight, of Austin, have fed it for the last three years to some 
three or four car-loads of Hereford cattle which they have brought to Texas from 
Iowa, and find it a valuable food, and also believe it to be almost a specific in the pre- 
vention of the impaction of the third stomach and hemo-albuminuria, called Texas 
fever, from which animals brought from the North are apt to suffer. I imported 
41 head of Hereford bulls last January, and found the cooked pear of great utihty 
in preventing the same trouble. I could multii^ly instances of its supposed utility, 
but these are the principal ones that have come under my direct observation. 

My conclusions are: (1) That itdsnot a perfect food. It must be supplemented or 
complemented with other articles, especially with hay or grass. (2) That while 
your chemist found no starch present, he found the metamorphic stage of starch, 
glucose, which is most readily assimilable in the stomach of all animals, and the 
condition to which starch must be reduced by the action of the salivary and pan- 
creatic secretions before it can be assimilated. (3) ThaJ it is deficient in the nitro- 
genized albuminoids, contrary to my preconceived opinion. (4) That whatever its 
food value may be, it undoubtedly a.ids in the assimilation of more higlily nutritious 
foods, possibly by some catalytic action or by emulsifying the fats that they con- 
tain. Colonel Miller is very positive in his conclusions upon this i^oint. Gum and 


glucose make a perfect emulsion witli ail feds. 

The presence of the “glucoside body'’ explains two facts that have lately come to 
my knowledge: (1) That a neighbor of mine, a Frenchman, has succeeded in making 
a palatable and intoxicating wine from the fruit of this cactus. (2) That alcohol has 
been distilled by a chemist in San Antonio from the bruised and fermented leaves 
of this plant to such' a degree that it has been discussed as a possible source of alco- 
hol. There are several points upon which scientific information, such as you can 
give, would be of great value to Texans. 

First. The substances with which tliis cactus can be combined to make it a per- 
fect food for the purpose of fattening beef. AVe have available in our section the 
following articles : 

(a) Mesquite grass {BiicJiloe unioloides). 

(b) Grama grass (Bouteloua oligostachya). 

(c) Johnson grass {Sorghum halapejise). 

(d) Sorghum — saccharatum and other varieties. 

(e) Cotton-seed oil meal. 

(/) Corn-meal. 

(g) Our pasture grasses, annuals, as the varieties of Andropogon, Paipalum, and 
Panicum^ especially P. texanu7n. 

Now, if we can make a combination of the above enumerated articles and the 
Prickly Pear, we can mature our beef on our own ranges. I send specimens as fol- 
lows : 

No. 1. A leaf of last year’s growth. 
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No. 2. A leaf of this year’s growth. 

No. 3. An old leaf cut from near the main stalk. This is supposed to be more 
nutritious than the others, and is the part that horses will eat if cut up fine for 
them. I regard this as of interest. 

No. 4. Specimens of the fruit, the last of the season. 

I have been unable to procure specimens oi:’ the thin-leafed cactus, the Cacanapo 
of the Mexicans that Mr. Dull sent you, as it only grows upon thin black land, 
whereas my land is a rich, sandy, red loam. I shall, however, procure the Cacanapo 
as soon as possible, and send it to you. It may be well to note what may be, and 
probably is, a popular superstition in relation to the fruit of these two varieties. It is 
believed that the fruit of the Nopal de Buejj which I send you will cause, if eaten , chills 
and fever {Fehris intermit tens), while that of the Cacanapo, a smaller and lighter 
colored fruit, is innocuous, and is used by the Mexicans as an article of diet, while 
they wull not eat the other. It may also be worthy of attention that the cochinea’l 
insect is only found upon the Nopel de Buey, of which I send a specimen, and 
never upon the Cacanapo. I ’would also like to correct a misapprehension in your 
letter. It is not an “ arid ” region in which this cactus exists. We have an annual 
rain-fall of from 24 to 26 inches, and usually raise good crops of cotton, corn, and 
nearly all the cereals. I have raised stalks of Johnson grass 9 feet high, within 
100 yards of where I cut the samples of pear that I send 3u:»u. 

I fear that I have extended this report to such a length as to weary you in read- 
ing it, but what I believe to be the importance of the subject must be my apology. 
I am secretary of the Southern Texas Live Stock Association, own a large ranch, 
and have my entire capital embarked in stock-raising, hence I am greatly inter- 
ested in the matter and in everything pertaining to it. I would regard it as im- 
portant if you would have an analysis made of the different parts of the cactus before 
and after cooking the same. Congressman Miller is quite positive from his experi- 
ence that cooking greatly increases the food value of this substance, and I think it 
not improbable. We have familiar examples in the process of panification, in the 
making of “jpmoZe” by toasting the kernels of corn and rice, in the roasting of 
peanuts, and other similar cases. In all of these the quantity of sugar or its coih- 
geners is increased. 

Could you give me the quantitative analysis of the glucose in same specimen before 
and after coo]?;ing? I am at your command tor any further information you may 
require, and should this investigation be attended with any expense I will cheer- 


fully meet it. 

Yours, truly, 


A.. G. Carothers, M. D. 


U. S. Department of Agriculture, 

Washington, D. C., October, 1887. 


Later Dr. Carotliers vprote: 

In pursuance of the correspondence of last summer, begun by Mr, A. J . Dull. I have 
fed 400 beeves and am nov/ feeding 800 more on this food. From the analysis fur- 
nished I found the cactus %vas deficient in the nitrogenous albuminoids, and from the 
well-known richness of the cotton-seed oil cake in these elements, I selected it to 
supply the deficiencv, which it did very satisfactorily. 

I first burned the thorns off the cactus, then cut it up by a machine which I 
devised, and spread it in large troughs, scattering the cotton-seed meal over it, when 
the cattle ate it with great'a vifhty. I soon found, however, that the burning was 
injurious, as it was impossii.de to conduct it w^ithout cooking the cactus to a greater 
or less extent, wdiich caused piirgiiig in the animals. To remedy this, i. e. , to destroy 
the thorns w'itliout scorching, X took advantage of the botanical fact that the thorns 
of 0. Engelmanni, the onlv one I use, are set' at about an angle of 60° backw^ard to 
the plane of the leaf, and that a cut of one-half inch in width would strike every 
one of tliem and destroy them. I therefore set the knives of my machine to a one- 
half inch cut, and lind'^that the cattle eat it fully as wmll as when scorched, with 
none of the unpleasant results referred to. 1 have fed about 60 pounds of the cactus 
and an average of about 6 pounds of the meal per capita for ninety days. A train 
load of 330 head of these catfcle sold last ’week in Chicago at 4^ cents. The meat 
is singularly juicy and tender, the fat well distributed among the muscles. I have 
sold it at 1 cent gross over grass cattle in San Antonio. 

A nATfOTTmUS. 


others have more recently expressed, at the request of Dr. Vasey, 
their opinions in regard to the nse of Opnntia, which have been 
published in Bulletin ISTo. 3 of the Botanical Division of the tJ. 
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S. Department of Agriculture. The experience of nine or teh ob- 
servers has been varied. It is fed es]3ecially in winter, cattle, 
sheep, hogs, and goats living upon it. At times it is fed as found 
upon the’ range, but difficulties, as Dr. Carothers remarks,, have been 
met with by most cattlemen on account of tlie spines and with their 
removal by burning and the consequent purging, althougii others 
have never experienced the latter defect. As a whole, however, the 
success met with in its use has been marked, and as it grows in such 
large amounts and so readily in those portio^is of the country where 
corn (‘n.n not be obtaijied, it must become of considoj'able value. 

With a view to throve some light upon its rationa] use as a forage 
pla-nt, its analysis w^as undertaken for Mr. Dull and carried rather 
further, for the purpose of comparing it with Dasylirion iiwd Agave, 
and as being a representative of a class of plants of which little is 
known. 

The results obtained from an ordinaiy fodder analysis of twm spec- 
imens of file Cacaiiapo or thin-leaved Prickly Pear, probably Opuntia 
tuna, from Waugh's Eanch, La Salle County, Tex,, was as follows: 


Old thicl?; specimen. 

' 

1 

Yoimg thin specimen. 

Fresh. 

Dry. 

Fresh. Dry. 

► 

[ 

Wa.ter ! 


i 

86.88 ' 

2.40 I 18.36 

.11 ' .82 

. 53 4. 04 

.78 5.9) 

9. 30 70. 87 

Ash : 2. 94 20. 84 1 

Fat i ! .98 1 

Crude fiber i . 90 1 0. 

Albuminoids ! . 51 i 0. GH | 

Nitroeemfree extract .....! 9. 59 ! G8. 18 ! 

! ! 1 

^ 100.00 1 100.00 100.00 1 100.00 

Per cent, of X. as noD-albiur)i?ioi.; ..... i ! 

i 

o 
o j 
1 

1 22 G 

! 1 

i 


As has been remarked , it is deficient in nitrogen, and should be 
fed togetJier with cotton-seed meal and the grasses which fortunately 
are common and cheap in the country vehere t^ o Opuntia grows, and 
supplies the deficiency in oil and albuminoids. 

With the view of determining the proximate princixjles of the 
plant, and discovering the character of the uoii-uiLrogenous extract 
and the causes of purging in the roasted sxieciniens, a more thorough 
analysis was undertaken. A microscopic examination sliowed that 
the structure of the joints consisted of an outer, tiiin cuti(de, growing 
thicker in older specimens, followed by a row of round, longitudinal 
cells running lengthwise of the joints, and then a ro ^v of shorter 
cells running crosswise, delicate in the young x)lants, but quite woody 
in the older ones. Below these there is a series of long, round cells 
running through the joints till the x)arenohyjna. wliicli forms the 
main body, is reached. Through the latter run fibre- vascular bun- 
dles, and near its juncture with the outer coats are scattered starch 
grains. The largest portion of the nitrogenous substance is in the 
fibre- vascular lumdles, which fm':rn the frame-work of the plant, 
and j)robably give, with the outer coats, the fiber mentioned in the 
analysis. The cellular structure of the interior is small and delicate. 
The joints weighed — 

• Grams. 

Old and tlnck specimonr:; 731 

Young and thin specimens 050 
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The results of the more detailed proximate analyses were as fol- 
lows : 

Approximate analyses of Opuntia species^ Cacanapo. 


Older and thicker 
specimen. 


Younger specimen. 


Water 

Ash: 

Insoluble ' 

Soluble in water 

Soluble in 80 per cent, alcohol 

Volatile oil, ether extract 

Solid soft fat, ether extract 

Aromatic bitter resin, 80 per cent, alcohol extract. . . . 

Organic acid, 80 per cent, alcohol extra.ct 

Glucoside, etc., 80 per cent, alcohol extiuct 

Vegetable mucilage and organic salts containing ash, 

water extract 

Soluble in acid, pararabin, starch, and oxalate of 

lime 

Soluble in alkali 

Crude fiber 

Crude albuminoids ; 

Nitrogen 


Orig- 

inal 

sul)- 

stance. 


85. 93 


Drv substance. 


3.84 

1.45 

.90 

.51 


Orig- 

inal 

sub- 

stance. 


86.88 


Dry substance. 


1 

76 

i 13. 

48 



( 

.90 

1 6. 88 1 

1 


80 


66 

r 

30. 84 

J 

1.33 

9.33 

^ 18.36 


38 

i 

70 

i 


\ 

.28 

3.16 ) 

1 


01 

1 

08 


.01 

.m 



12 


90 




.10 

.76 



13 


98 




.11 1 

.84 


o 

O 

53 

05 

3. 

I 31. 

74 

iV.) 

) 

35.43 


. 68 
1.94 ! 

5.19 ) 
14.83 i 

- 30.01 

1 

[. 

59 

80] 

! 11. 

1 [5. 

31 

66] 


16.97 

1 

3.03 i 
[1.33] 

33.08 
[9. 33] 1 

■ 33.40 


20. 17 
10. 34 
6. 37 
a. 63 

.58 


3.09 

.44 

.53 

.78 


33. 57 
3.37 
4.04 
91 
.86 


5. 


in aiconoi 

In water extract 

i . Uft-l ! 

] j 0.56 j ... 

. 

In lactic acid 

1 . 174 j 

.195 

i 

1 

i i 


It will he seen that^ as in the Dasyliriori and Agave, a glucoside 
was found. This also rotates the ray to the left^ and is readily in- 
verted with the formation of an acid. It was obtained in small 
amount in crystalline form, but not sufficient for extended exam- 
ination. Owing to its partial decomposition the alcohol extract of 
the plant lias an acid reaction. The other j^i'oininent constituent of 
the nitrogen-free extract is a vegetable mucilage which is present as 
a magnesia compound, the latter being a prominent ash constituenh 
The value of this as a nutrient is uncertain, and the presence of ‘so 
much magnesia may cause the purging, which would then be greater 
witli the younger plants, whicli agrees with the opinion that the 
plant is more so when the sap is in it. The mucilage jjolarizes left- 
handed, but less so after treatment with acid. It is precipitated by 
one volume of alcohol from water, but not by lime-water. 

There seems to be some relation between the glucose and muci- 
lage in the j)lant, for where one becomes abundant the other dimin- 
ishes proportionally, the younger portions containing more mucilage 
and less glucoside, ' 

Of other constitrients it was observed that tlie allvaiinity of the 
ash of the leav(3S corresponded to the following amounts of organic 
matter in the idaUt, calculated as oxalic acid : 

]3er cent. 

Older leaves . 11.05 

Younger leaves. 29. 54 

An examination showed that tlie acid present svas not largely 
oxalic, but some other forming a soluble lime ,i)ut insoluble lead 
salt; in fact probably a mixture of several. 

The fat was of a nature solid at ordinary temperatures, but small 
in amount, and accom|)anied by a trace of volatile oil.* 

The substance insoluble in water but soluble in dilute acid was in 
part nearly related to jiararabin, together with a little starch and 
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some oxalate of lime. The alkali extract was not identified, but was 
mnch. larger in the older specimen, and is probably of a nature allied 
to cellulose or the material forming the cells. 

The alcohol extract gives a heavy precipitate v^rith basic lead 
acetate, organic salts, a cloudiness with mercuric nitrate, and a slight 
brown with copper acetate on boiling. The resin insoluble in Avater 
but soluble in alcohol is soluble in ammonia and precipitated by 
acid. To what to attribute the xmrging is uncertain. It may be due 
to the acid produced by the inversion of the glucoside, to the large 
amount of mucilage and magnesia, or to the organic acids present in 
such large amounts. Dr. Carothers’s specimens, Avhich, as he states, 
were different from Mr. Dull’s, were identified as Opuntia Engel- 
manni. Being supplied in several stages of development of the joints 
and fruit, they furnished material for a more thorough study of the 
variations in the composition at intervals in the growth of the plant, 
as well as for comparison of the two species and the effect of cooking. 

The joints varied in dimension and Aveight, in accordance with 
their age. The specimens were Aveighed and measured, with the fol- 
lowing results : 


Growth of the year ...... 

Growth of previous years 

Old stem joint 

Old fruit 

Younger fruit 

Youngest fruit 


Thickness. 

Length. 

Width. 

Inches. 

1.25 

.75 

2.00 

Inches. 

Inches. 

12 

9 

5 












AYeight 
of one. 


Grams. 

1500 

ir^ii 

2om 

GO 

40 

28 


The growth of the year Avas much thicker and narrower than that 
of the previous year, and in consequence, as appears from the an- 
alysis, more succulent. These tAVO samples aj^pear not to be strictly 
comparable as representing these tAYo stages of development. It 
would have been more desirable to have selected joints developed 
more on the same plan. The oldest fruit ayus ripe and purple, the 
younger just tinged, and the youngest quite green. 

The analyses resulted as follows : 


Analyses of the joints and fricit of Opuntia E^igelmaiini at various stages of groivth, 

JOINTS. 



Growth of the year. 

Growth of previous year. 

Old stem 
joints. 

* 

Natural con- 

1 d it ion. 

1 

Stea 

med. 

Natural con- 
dition. 

Steamed. 

Natural con- 
dition. 


Orig. 

sub. 

Diy 
sui) . 

Orig. 

sub. 

Dry 

sub. 

Orig. 

sub. 

Dry 

sub. 

Orig. 

sub. 

Dry 

sub. 

Orig. 

sub. 

Dry 

sub. 

AVaier. 

86.00 

i 

88 00 


93 50 


90 00 


86 00 


Total ash 

3.27 

23.^8 

2.18 

18. 21 

1.18 

18. 09 

1.60 

15.98 

1.77 

12.64 

Oil 

.88 

6. 26 

.76 

6. 30 

.48 

7. 31 

.66 

6.63 

.27 

3.27 

Resiu, etc 

. 33 

2, 39 

.24 

2. 00 

.14 

2.12 

.30 

2.95 

.46 

1.89 

Glucoside and organic acid . . . 

1. 05 

7. 4S 

1.10 

9. 19 

.90 

13. 88 

1.04 

10.39 

2.01 

14.40 

Asii soluble in alcohol 


[ 2 . oil 


r3 3r»i 


[6 00] 


i3 981 


T4 291 

Mucilage 

1.92 

i3. 69 

1.45 

12. 14 

.60 

9.27 

1.11 

11.10 

.58 

4. 14 

Ash ! 


[ 7. 13 1 


fn 1 ()] 


F4 191 


T5 461 


n 751 

Crude fiber 

1.11 

^7. 90^ 

1.09 

9.01 

.80 

|_J:, 

12. 27 

1.39 

13.96 

1.97 

H. 

14.07 

Albuminoids 

I.IG 

8.29 

1.02 

8.46 

.50 

7.81 

.80 

7.95 

.79 

5.66 

Undetermined , 

4.28 

30. 61 

4.16 

34. 69 

1.90 

29.25 

3.10 

31.04 

6. 15 

43.93 


100.00 

100.00 

100. GO 

100.00 

100. 00 

100. 00 

1(X). 00 

100. CO 

100. CO 

100.00 

Nitrogen 


1.33 


1 35 


1.25 


1.27 

64 


91 

Non-aibumiuoid nitrogen .... 


.31 


. 34 




.42 

Per cent, of nitrogen as non- 






, 1 




albuminoid 


23.3 


25. 2 


38 01 i 

1 

50.0 


46.4 

i 1 






1 
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Analyses of the joints and fruit of Opuntia Engelmonni, cfc.— Continued. 

FRUIT. 


Last of season. 


Steamed. 


Younger. j Youngest. 

I 


Natural condi- ! 
tion. 1 

I 


Steamed. 


* 


Orig. 

sub. 


Dry 

sub. 


Orig. j Dry 
sub. j sub. 

i ■ 


Orig. I Dry 
sub, I sub. 


Water. . . 
Total ash 
Oil 


80.00 ! 
1.00 i 
1.58 i 


Resin, etc 

Glucoside and organic acid 

Ash soluble in alcohol 

Mucilage 

Ash 

Crude fiber 

Albuminoids 

Undetermined 


1.77 
1.27 \ 


1.00 


2.70 
.74 
3. 34 


11.44 
11.25 
12. GO 

9. 10 
[3.23] 

7. 10 
[2.79] 
19.29 

5.20 
23. 90 


100.09 I 100.00 


Nitrogen 

Non-albuminoid nitrogen 

Per cent, of nitrogen as non-albuminoid 


.83 

.17 

21.1 


85.00 
1.89 
1.87 
1.08 
2. 01 


.75 


2.81 

.88 

3.71 


100.00 


12. 58 
12. 45 
7. 21 
13.41 

i [4. 02] 
I 5.00 
[3. 09] 
18.73 
5.80 
24.76 


100.00 

.94 

.10 

10.3 


85.00 

2.22 

1.72 

J- 3.14 


rf-i 

. 4 1 


3. 08 
.93 
3.20 


100.00 


14. 79 
11.48 

20. 96 

[4.25] 
4.75 
[3. 46] 
20. 54 
6. 17 
21.31 


100.00 

.99 

.15 

14.7 


The determinations show considerable diiference between the two 
species. The Opuntia Engelmanni has much more oil or fat and 
albuminoids, but less glucoside or gum than that previously an- 
alyzed, and in the old joints the mucilage largely disappears. The 
percentage of crude fiber is also sliglitly greater in the O. Engel- 
manni, When calculated to the original percentage of water as 
mere fodder analyses, the results appear thus : 


• 

. Growth of the year. 

I Growth of previous year. 

Old stem 
joints. 

Natural con- 
dition. 

Steamed. 

Natural con- 
dition. 

Steamed. 

Natural con- 
dition. 

1 

Orig. 

sub. 

Dry 

sub. 

Orig. 

sub. 

Dry 

sub. 

Orig. 

sub. 

Dry 

sub. 

Orig. 

sub. 

Dry 

sub. 

Orig. 

sub. 

Dry^ 

sub. 

Water 

86.00 


88. 00 


93. 50 


90 00 


86 00 


Ash — 

3.27 

23.38 

2.18 

18. 21 

1.18 

18.09 

1.60 

15.98 

1.77 

12.64 

Oil 

.8S 

6.26 1 

.76 

6.30 

. .48 

7.31 

.66 

6.63 

.27 

3.27 

Crude fiber 

1.11 

7. 90 

1.09 

9. 01 

.80 

12. 27 

1.39 

13.96 

1.97 

14.07 

Albuminoids 

1.16 

8. 2i) 

1.02 

8.46 

.50 

7. 81 

.80 

7. 95 

.79 

5. 66 

Nitrogen-free extract 

7. 58 

54. 17 

6. 95 

58. 02 

3.54 

54. 52 

5. 55 

55.48 

9.20 

64.36 


100.00 

100.00 

100.00 

100.00 

100.00 100.00 

100. 00 

100.00 

100.00 

100.00 

Per cent, of N. as non-alb .... 


23.3 


25.2 


38. 1 


50.0 


46.4 













The amount of nitrogen-free extract is decidedly smaller, and the 
nutritive ratio a more nearly normal one than in *Mr. Dulhs species, 
undoubtedly making it of greater value and necessitating perhaps 
only the amelioration of its physical consistency to make it by itself 
a suitable cattle food. The larger amount of water in the growth Of 
the previous year is due to its greater thickness, which, however, in 
the old stem joints is neutralized by their more v^oody nature. 

In the O. Engelmanni^ as in the other species, the glucoside in- 
creases with the age of the plant, accompanied by a corresponding 
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diminution of the mucilage, Tlui a'buuiiiioids, as would be ex- 
pected, dimiiiisli ill the older joints, but the percentage of non-ab 
biiminoid nitrogen increases. In tlie same way rhe ash, oil, fat, or 
resin decrease, and the fiber increases, al! in the same manner as in 
other plants. In the fruit also tlie changes are those to have been 
expected. 

The results obtained by steaming do not ex].>]ain the pui'ging effect, 
and without a more tiiori)ugli study of hie product:-; it must be at- 
tributed to the increased acidity. The cJianges make the constit- 
uents of a. joint of the previous year's growth less solnhh' in alcohol, 
but the reverse is the case with the growth of the first season : there 
is reason, lioivever, to lie lie ve th at this may merely he a])pareiit and 
due to the difhculty of seieotii'ig exactly coinparahle specimens for 
analysis in the natural and cooked condition, and changes produced 
in drying the moist material. 

The entire iiivestigatioii can make no (djiim to coiiijileteness, hav- 
ing been uiidertfikeii at moments whe]i no other ofiicial work inter- 
fered, but will s('rve to call attention to a plant wdiich is of (consider- 
able economic importanee and scientific interest from its relations to 
others of the same region, without entering into a thorough discus- 
sion of the possibilities and best methods of its use. 


MISCELLANEOUS WORK. 


The miscellaneous vmifv done by this division during the past yeai 
has heen of an exceedingly varied cliaractor. 

Many samples of minerais, ores, clays, etc.', were received for idem 
tifieation and valuatio]i, and in most cases proved to he of little or no 
value. For example, persons finding a piece of rock with a few par- 
ticles of pyrites emheclded in it frecpieiitly would imagine they had 
found an ore containing a precious metal owing to the metallic luster 
and color of the pyrites; and the specimen w"(3uld be forwarded to 
this Department for assa^^. 

The following is a partial list of such samples as were analyzed, 
mere inspection, in very many cases, being sufficient to ascertain 
their value: 

(1) Mineral sent by Burr el Laseter, Rule, Ark.; (^alcite and pyrites: of no value. 

(2) Mineral sent by James Randolph, Neverfail, Tcnn. : Granitic rock with py- 
rites; no value. 

(3) Mineral sent by Jose j>h Watson, Nelsonvilie, Tex, : Limestone; tested for phos- 
phoric acid with negati^'e results. 

(4) Mineral sent by John 0&I)omc, Flag Pond, Ya. : Limonite, an iro:ii ore of little 
commercial value, 

(5) Sent by George Dugan, Kansas City, Mo.: Ihue sandstone; unfit for building 
purposes owing to the presence of pyrites. 

(6) Sent by G. V7. Robinett, Kag Pond, Va. : G-alena and limestone. 

(7) Sent by J. A. G. Blackburn, WarEagie Mills, Ark.; Limestone. 

(8) Sent by Franiv Long, Fjyette ril ie, Anvk. : Pyrites in sandstone. 

(9) Sent by Frank L(mg. Fayetteville, Ai“k.; Iron ore (Hematite). 

(10) Sent by Frank Long, Fayette valle, ..Ark.; Manganese ore (Wad.). 

(11) Sent by Frank Long, I'ayettevilie, Ark.; Pyrites. 

P2) Sent by Frank Long, lAiyettevil];', .Ark.; Enidote in quartz. 

(13) Sent by Frajik Ijong, Pa} ott(,“vi]le, iArk. ; Limestene. 

(14) Sent by Franik Long, Fayet - eville. Ark.: Pyrites partly oxidized. 

(15) Sent by Frank I iOng, Fayetteville, Ark.; Limestone. 

(16) Sent by Frank Long, Fay .Ark.: Siuc.ih(fd wood. 

(17) Sent by Lee Breeding, Spriiigdak’, Tcnn.: Pyrites. 

(18) Sent by Ale^i. Aloseley, Buckingham Court-House, A'^a. : Gneiss, epidote, anc 

biotite. 
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(19) Sent by William B. Stark, Meridiab, Tex. : Pyrites. 

(20) Sent by B. D. Carter, Flag Pond, Va. «. Calcite. 

(21) Sent by G. W. Biiiter, Knapp, Pa. ; Quartz. 

(22) Sent by G. W. Kile, Upper Tract, W. Va. : Ferruginous clay. 

(23) Sent by Frank P. Bond, Brownsville, Tenn. : iV good quality of pottery clay, or 

suitable for the manufacture of brick. " ’ 


(24) Sent by G. W. Merk, San Francisco, Cal. : Carbonate of lime and a trace of 
phosphoric acid. 

(25) Sent by George W. Robinett, Flag Pond, Va. : Gypsum. 

(26) Sent by George W. Roliinett, Flag Pond, Va. : Oxide of iron. 

(27) Sent by Daniel Bond, Brownsville, Tenn. : A clay of good quality for pottery 
and brick making, but not suitable for fire-brick. 

(28) Sent by D. L. Cliamberlin, Clearwater Harbor, FJa. : An inferior article of 
clay, containing a large amount of iron, sand, and gravel. 

(29) Sent by J. A. Frogs, Harrison, Ark. : Iron ore (Hematite). 

(30) Sent by J. A. Ragsdale, Gainesville, Tex.: A horseshoe incrusted ^vii:h car- 
bonate of lime and oxide of iron, caused by lying in water containing carbonates of 
lime. 


a 


(31, 32, 33, and 34) Sent by Henry W. Sturmer, Richlandtown. Pa.: Sami)les of 
rocks, none of which had any value. 

(35) Sent by S. II. Ilemmen'way, Washington, D. C. : Manganese ore, containing 
also iron and phosphoric acid. 

(36) Sent by W. W. Brown, Clinton County, Pa. : Mineral paint, ochre. 

(37) Sent by E. E. Rope, Lake View, Fla. : Sulphate of lime (gypsum). 

(38) Sent by O. W. Longan, Washington, D. C. : Sample of impure limestone. 

(39) Sent by H. Rosenfeldt, Mi mbres, Grant County. N. Mex. : Mountain cork: 
variety of asbestos. 

(40) Sent by C. S. Sterner, Cooperstown, Pa. : Supposed to contain lead or coal, 
but contained neither. 

(41) Sent by FI. Shrout, Menifee County, Ky. : Contained 14.81 per ceni. phos- 
phoric acid, and would make a valuable fertilizer when finely ground. 

(42) Sent by G. S. Allen, Harrison, Ark. : Contains traces of co]-)per and phos- 
phoric acid. 

(43, 44, 45, 46, 47, and 48) Sent by Hon. C'. T. O’Ferrall, M, C. : Minerals composed 
of quartz and pyrites, tJie latter jiaving been mistaken for gold. None of the sam- 
ples are of any value. 

(49) Sent by A. Y. Simjjson, Elliott, Miss. : A sample of clay very free from iron, 
but containing too much soda and potash to make good lire-brick.^ 

(50) Sent by J. Milton Moore, Richlandtown, Pa. : A mineral supposed to contain 
lead or tin, but found to contain neither. 

(51) Sent by W. F. Combe, Hillam, Ind. : A mineral consisting largely of sulphide 
of zinc, and valuable as a zinc ore. 


(52) Sent by A. M. Sloan, Valley Spring, Ark. : Contains particles of pyrites which 
were mistaken for gold. 

(53) Sent by B. F. Reed, Mineola, Tex. : Galena, which might prove valuable as a 
source of lead. 


(54) Sent by Hon. F. M. Cockrell^ U. S. Senate: Minerals supposed to contain man- 
ganese, but none was found. 

(55) Sent by Hon. F.' G. Barry, M. C. : Supposed to contain silver* No silver was 
found, but some galena and sulphide of zinc. 

(56) Sent by James W. Warne: Minerals consisting of silicates of iron, alumina, 
etc. . and of no value. 

(57) Sent by J. D. Tillett: Mineral supposed to contain tin: contains no tin, but 
consists larg( ly of binoxide of manganese. 

(58) Sent by W. S. Pridgeon: Supposed to be diamonds; found to be small crys- 
tals of quartz. 

(59) Sent by Flemy A. Bathurst, Cheyenne, Wyo. : A lump of slag, which sender 
thought contained tin; consists almost entirely of iron. 


SAMPLES OF FERTILIZERS, FERTILIZINCt MATERIALS, MARLS, ETC. 

(60) Sent by E. G. Watson, Baltimore. Md. : A marl, containing a smeJl amount 
of phosphoric acid and a trace of potash, but not sufficient of either to make it a 


valuable fertilizer. 

(61) Sent by Mrs. E. C. Joins, Madison ville, Tenn.: Brown earth, containing a 
large quantity of organic matter, but not enough to jnake it very valuabl eas a fer- 
tilizer. 


2 


(62) Sent from Van Opstal’s vineyard, Spottsylvania, Va. : A fertilizer containing 
.63 per cent, phosphoric acid, and 4.94 per cent, of nitrogen. 



I 
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(63) Sent by W. N. Reed : Green sand; contains a trace of lime and phosphoric acid; . 
no value. 

(64) Sent by Charles Metzner, Kewaunee, Wis. : Sample consisting of shell marl 
with a trace of phosphoric acid. 

(65) Sent by Frank Banney, Farmdale, Ohio: A marl containing no phosphoric 
acid. 

(66) Sent by Ohio State Board of Agriculture, Columbus, Ohio: Two samples of 
commercial fertilizer, serial Nos. 4958 and 4959; analyses as follows: 


i 4958. ; 4959. 


Per cent.' Per cent. 


I Total phosphoric acid 19. G4 : 18. 03 

I Soluble phosphoric acid , . . . 9. 7'G 9. 92 

I Reverted phosphoric acid 3. 32 2. 81 

I Insoluble phosphoric acid 3. 31 , 2. 15 


(67) Sent by Fred. Sassur, jr. , Marlborough, Md. : A marl containing a trace of phos- 
phoric acid. 

(68) Sent by S. H. Griffin, Saint Stephens, S. C. : Sample described as ‘‘ bone; ’ con- 
tains only a trace of phosphoric acid. 

(69) Sent by Louis Schade, Washington, D. C. : A clay supposed to contain phos- 
phoric acid, but none was found. 

(70) Samples sent by G.W. Knapp, Limona, Fla.: Serial Nos. 4983, 4984, and 4985. 
4984 is a coprolite and a very valuable fertilizer: 


No. 

Phosphoric 

acid. 


Per cent. 

4983 

.2 

4984 

34.4 

4985 

1.6 


(71) Sent by Daniel Moler, Moler, W. Va. : A blue slate supposed to contain phos- 
phoric acid, only a trace of which was found. 

(72) Sent by N. C. Nutting, Oswego, N. Y. : A marl containing no phosphoric acid. 

(73) Sent by W. P. Hill, Lake George, Fla. : A marl containing a considerable quan- 
tity of phosphoric acid. 

(74) Sent by S. H. Hemmengway, Wsahington, D. C. : A marl containing a trace of 
phosphoric acid. 

(75) Sent by J. R. Dodge, Washington, D. C. : A marl tested for phosphoric acid. 

(76) Sent by C. E. PearSon, Beacli, Miss. : A shell marl tested for phosphoric acid. 

(77) Sent by F. R. Evans, Washington, D. C. : A muck containing a large quantity 
of organic matter, but no phosphoric acid. 

(78) Sent by Alonzo Thompson, Baltimore, Md. : Samples of phosphoric acid and 
phosphate of soda, serial Nos. 5297 and 5298: 


No. 

Phosphoric 

acid. 


Per cent. 

5297 

10. 61 

5298 

18. 25 


(79) Sent by L. J. Kimbell, Gatesville, Tex.: Samples of bat guano, serial Nos 
5193 and 5194; analyses as follows: 


Phosphoric acid 
Ammonia 


5193. 

5194. 

Per cent. 
.97 
4. 69 

Per cent. 
4. 98 
11.15 
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(80) Sent by D. A. Beard, Martinsburgh, W. Va. : Two samples commercial fer- 
tilizer, serial Nos. 5293 and 5296; analyses as follows: 


No. 

Sample. 

Phosphoric 

acid. 



Per cent. 

5293 

S. C. dissolved rock 

16.20 

.5290 

Patapsco Company fertilizer 

17. 24 


(81) Sent by C. E. Pearson, Beach, Miss. : A marl containing a trace of phosphoric 
acid. 

(82) Sent by W. W. Cobey, Cross Roads, Md. : Three samples of marl, each con- 
taining a small amount of phosphoric acid. 

(83) Sent by W. W. Watts, Collegeville, Ark. : A shell marl containing a trace of 
phosphoric acid. 

(84) Sent by James D. Sherer, DeLand, Fla.: A fertilizer suspected of causing a 
diseased condition of orange trees. It contained 8.45 per cent, of phosphoric acid 
and 1.46 per cent, of nitrogen. This fertilizer does not appear to be of a nature to 
produce any deleterious effect upon orange trees, and the disease complained of is 
doubtless due to some other cause. 

(85) Sent by committee on nitrogen of the Association of Official Agricultural 
Chemists: Six samples, in which the nitrogen was determined as indicated by the 
following table: 


Number. 

Soda lime 
method. 

Kjeldahl 

method. 

Ruffle 

method. 

1 

New Ruffle 
method. 


Per cent. 

Per cent. 

Per cent. 

Per cent. 

1 

13.49 

13. 86 

13.44 

13.83 

2 

2. 97 

2.82 

2. 57 

3.24 

3 

3.08 

3.20 

3. 05 

3.16 

4 



3.30 

2.70 

5 



3. 14 

2.91 

6 



2. 52 

2.57 







(86) Sent by committee on phosphoric acid of the Association [of Official Agri- 
cultural Chemists: Five samples for the determination of phosphoric acid: 


1 

Number. 

Moisture. 

Total 

phosphoric 

acid. 

Soluble 

phosphoric 

acid. 

Insoluble 

phosphoric 

acid. 

1 

Per cent. 
.76 
6.44 
14.06 
9. 33 
8.25 

Per cent. 
28.16 
14.23 
9.63 
15.22 
18. 06 

Per cent. 

Per cent. 

o 



3 

6.74 
10. 68 
6.78 

1.30 

1.28 

3.34 

4 

5 


(87) Sent by committee on dau*y products of the Association of Official Agri- 
cultural Chemists: Four samples of butter and butter substitutes: 





Volatile 




! 




acids, 

Saponifi- 




Number. 

Specific 

Melting 

cubic cen- 

cation 

W^ater. 

Salt. 

Curd. 


gravity. 

point. 

timeters, 

equiva- 







one-tenth 

lent. 







alkali. 







*C. 



Per cent. 

Per cent. 

Per cent. 

1 

.9060 

31.8 

.40 

‘281.0 

6. 49 

1.99 

..34 

2 

.9046 

40.1 

.40 

28S. 7 

6.64 

2.11 

.58 

3 

.9091 

34.5 

13.06 

244.0 

8.97 

4.56 

.78 

4 

.9109 

33.0 

15. 49 

248.0 

8.44 

‘ .79 

.64 
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(88) Sent by the Commissioner of Internal Eevenue : Two samples of butter sus- 
pected of being adulterated. The analyses show that these butters are genuine. A 
microscoj)ic examination showed that they had been artificially melted: 


1 Cubic [ 


I 

iSTumboih 

Specific 

gravity. 

i 

1 'dclting- 
1 iJoint. 

1 

1 

1 

1 

Saponifi- 
cation 
e(xuiva-- 
: lent. 

centime- j 
1 tern, 
one-teinh 
1 normal , 
j alkali. : 

1 ! 

Salt. 

1 

1. 

o 

. ' 91195 

°C. 

33. 70 
32. 00 

245 o 

1 j 

i 1 

; 17.1 1 

1 

1 

Per ceni.l 
5. 58 
8.41 

. V 1 


1 . 91087 

249. 4 


(89) Sent by E. M. Nesbit, Maythorpe Farm, College Station, Md. : Five samples 
of milk. The analyses showed that these milks contain aljoiit 1 per cent, more fat 
in proportion to the total solids than the ordinar_y milks of commerce: 


Number. 

Milk. 

1 

Fat. 

1 

Total 

Solids. 

1 

1 

1 Morning 

1 

1 

Per cent. 
4.14 
4.16 
4 

Per cent. 
12.71 
12. 25 
11.55 
11.89 
12. 80 

/J 

i Evening .... .... 

3 

Morninc^ 

4 

Evening 

1 

0 


4. 87 

1 




(90) Sent by J. D. Johnson, Washington, D. C. : Sample of butter from Tennessee: 


Specific gravity at 40° C 

.908 

Saponification equivalent •. 

248.00 

Cubic centimeters one- tenth normal 
alkali 

15. 12 

Per cent, salt | 

1.42 i 

Per cent, of moisture j 

10. 25 ! 

Per cent of curd 1 

j 

.44' I 

1 

1 


EXAMINATION OF 


LIGNITES, ETC., SUEIIIITTED AS SUITABLE 
ING SUGAR SOLUTIONS. 


MATERIALS FOR FILTER- 


(91) Sent by E. A. Amdorf, Van Buren Furnace, Va. : Sample supposed to be coal 
Or lignite, but which proved to be only a black shale. 

(92) Sent by Courier- Journal Company, of Louisville, Ky. : A sample of lignite 
This sample xiossessed but little decolorizing power on a solution of molasses: 


! Per cent . 


I 

I 

1 


Loss on ignition . | 92. 70 

Ash I 7.30 


(93) Sent from Avery s Island, La.: A sample of lignite. This sample possessed 
but little decolorizing power: 


Per c^nt. 


I Moisture j 11.73 

j Volatile and combustible ^natter ! 49.5(i 

I Ash , .■ i 38.74 

' Sulphur .75 
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(94) Sent by Charles E. Pearson, Beach, Miss. : Sample of lignite. The . soluble 
extract possessed an acid reaction, and the decolorizhig power of the sample was 
very slight: 


Moisture 

Asli 

Soluble in watei- 


Percent. 


17. 14 
9.25 
4. 56 


(95) Sent by J. B. Fried iieiin, Camden, Ark.: Sample of lignite. Tlvis sample 
possessed a high decolorizing power: 


I 

I Per cent. 


I 


5Ioiriture 

' 30. 18 

Ash 

6 89 

Soluble in \vat(',r 

.34 




^ (96) Sent by B. F. Reed, Mineola. Tex. : Sample of lignite. The aqueous extract 
had a very faint acid r(‘action. The filtration was rapid, but the decolorizing power 
not strongly marked: 


Moisture 

Ash 

Soluble in water 


Per cent. 


24. 76 
5. 65 
,36 j 


(97) Sent by M. Swenson, Fort Scott, Kans. : Two samples of lignite. The aque- 
ous extracts were faintly acid aiiA the decolorizing power very slight: 




No. 1. 


No. 2. 



Per cent. 

Per cent. 

Moisture 

8.29 

13. 71 

Ash 

30. 25 

5.01 

Soluble in water 

.52 

.40 


(98) Sent by the Flon. Commissioner of Agriculture: Sample of bituminous coal: 



Per cent. 

Volatile matter 

hi.uj, 

68. 49 

4. 10 

Coke 

Ash — 


(99) Sent by Hon. Benton McMillin, of Tennessee : A sample from Carthage, 
Tenn. , which proved to be graphite. 


EXAMINATION OF SAMPFRS OF WATER. 


A large number of samples of water have been sent to this division 
for examination Avitiiin the past year. As has already been inti- 
mated, the anal^^sib of vvmters is not a work wliich falls within the 
legitimate scope of agricultural chemistry except in cases where its 
fitness or unfitness for the use of stock might bo called in question. 
Nearly all the samples of water Avhich have been received were sent 
on the supposition tliat they contcfined medicinal principles. Wher- 
ever it has been possible to do so the analysis of these sam^^les has 
been declined. When an examination has been made it has been of 
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the simplest nature possible. The force of chemists employed in the 
division was so small as to render it impossible to make complete 
analyses of the samples examined. 


(100) Sent by F. P. Bishof, Washington, D. C. : A mineral water containing large 
quantities of solid matter : 

Grains of solid matter per gallon 391. 3 

(101) Sent by F. P. Bisliof , Washington, D. C. : Mineral water containing a very 
large quantity of solid matter : 

Grains of solid matter per gallon 1, 184. 6 

(102) Sent by Philip Walker, Washington, D. C. : A sample of water from New- 
ton, Kans. , water- works : 

Grains of solid matter per gallon 47. 587 

This is too large a quantity for good potable water„ 

(103) Sent by H. S. Alexander, Culpeper, Va. : 

Grains solid matter per gallon 26. 243 

(104) Sent by J. C. Rounds, Manassas, Va.: Two samples of potable water: 

No. 1, well water, grains solid matter per gallon 14. 580 

No. 2, spring water, grains solid matter per gallon .... 4. 665 

Sample of spring water is very good. The well water is rather hard. 

(105) Sent by Stephen Gill, Washington, D. C. : Sample of pump water from city 
pump. 

Grains solid matter per gallon. . 56. 918 

Grains chlorine do 29. 936 

Free ammonia parts per 100,000. . 115 

Albuminoid ammonia do ... . 66 

This water is totally unfit for domestic purposes, and shows how easily well 
waters in a city become contaminated. 

(106) Sent by James P. Stabler, Sandy Springs, Md. : Sample of potable water : 

Grains solid matter .per gallon. . 4. 899 

Free ammonia parts per 100,000. . 1.2 

Albuminoid ammonia do. . . . 6. 6 

This is a very pure water. 

(107) Sent by O. Hendricks, Marshall, Tex. : Two samples of supposed mineral 
water : 

No. 1, grains solid matter per gallon. . 11. 664 

No. 2, grains solid matter do 6. 415 

Sample No. 1 contains slight amount of iron, and sample No. *2 gave indications 
of having contained hydro-sulphuric acid when fresh. 

(108) Sent by S. H. llemenway, Chicago, 111. : Sample of supposed mineral water : 

Grains solid matter per gallon 6. 943 

This sample contains no constituents of a medicinal nature. 

(109) Sent by John P. Horan, Shreveport, La. : A sample of mineral water : 

Grains solid matter .per gallon. . 312. 44 

Free ammonia parts per 1,000,000. . . 67 

Albuminoid ammonia do.... 3.24 

(110) Sent by William M. Gatewood, Carrizo Springs, Tex. : 

Grains solid matter per gallon . . 1 , 396. 3 

^ The solid matter consists of lime, magnesia, alumina, soda, potash, and traces cf 
iron combined as sulphates, chlorides, and carbonates. It also contains free am- 
parts per million, , 026 ; albuminoid ammonia, parts per million, . 320. 

(111) Sent by Peter Morong, Virginia : Three samples of potable water : 

No. 1, grains solid matter per gallon. . 7. 581 

No. 2, grains solid matter do. . . . 6. 377 

No. 3, grains solid matter do 7.420 


These are all good waters. 
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(112) iSent by M. J. Martinez, New York City: Three samples of Cuban sugar-cane: 


No. 

Cane. 

Sucrose. 

Sucrose by 
inversion. 

Glucose. 

1 .... 

2 .... 

3.... 

Ten months old 

Eleven months old 

Fourth year stubble 

Per cent. 
20. G 
18.0 
18.3 

Per cent. 
20. 75 
16.9 
18.4 

Per cent. 
.98 
3.39 
.93 


The above percentages are given for the juice. The first and second sets of num- 
bers should be diminished by 10 per cent, and the third by 12 per cent, when calcu- 
lated for the cane itself. 


(113) Sent by Col. F. E. Boyd, Delta, Colo. ; A sample of sorghum sirup: 


Specific gravity 

Sucrose 

Glucose 

Ash 

Other solids not sugar 
Co-efficient of purity 


1.417 


er cent. . 

39. 30 

. .do .... 

28. 73 

. .do , . . . 

3.94 

. .do .... 

8. 97 


49. 50 


' (114) Sent by James M. Hart, Oswego, N.Y 
In whole beet: 

Moisture 

Ash 

In the juice: 

Specific gravity 

Total solid matter 

Sucrose 

Glucose 

Co-efficient of purity 


Sample of sugar beets: 


percent.. 70.90 
... do 92 

1.070 

percent.. 16.76 

. . .do . . . . 12. 63 

... do 30 

75.40 


Presence of glucose in the juice of the beet is probably due to the fact that a con- 
siderable time elapsed after the beet was harvested before the analysis was made. 

(115) Sent by Seth H. Kenney, Morristown, Mmn. : A sample of sorghum sirup: 

Specific gravity 1 . 3965 

Sucrose ^ per cent. . 40. 45 

Glucose do .... 23.43 

Co-efficient of purity , . . 52. 58 


(116) Sent by Densmore Brothers, Red Wing, Minn. : Sample of sorghum masse 
cuite: 


Sucrose per cent 

Sucrose by inversion do . . 

Glucose do. . 


46.30 

49.16 

30.40 


(117) Sent by Henry McCall, Donaldson ville. La.: Sample of sugar-cane molasses 
from second cr 3 "stallization : 


Sucrose per cent . . 29. 00 

Glucose do ... . 22. 00 


(118) Sent by Capt, S. S. Blackford, Washington, D. C. : Sample of maple sirup 
from Ohio: 


Sucrose 

Sucrose by inversion . 

Moisture 

Glucose 

Ash 

Acidity as acetic acid 


cent. . 

60.10 

do. . . . 

61.30 

do ... . 

35.24 

do 

.96 

do. . . . 

4.03 

do ... . 

.11 
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(119) Sent by Lewis F. Ware, Piiiiadelphia, Pa.: Two samples of dates: 


No. 

Sucrose. 

Gflucose. 


Per cent. 

Per C 67 it. 

1 

5. 05 

41.8 

2 

4. C8 

42.4 



(120) Sent by Sheldon E. Elderldn, Cooperstown, N. Y. : A sample of maple sugar: 


Sucrose 

Sucrose by inversion 

Moisture 

Glucose 

Ash 


cent. . 

77. 60 

do ... . 

79. 76 

do ... . 

15.33 

do ... . 

3,92 

do ... . 

.85 


(121) Sent by W. J. Thomi:>son, Paltersonville, La. : Sample of sugar-cane mo- 
lasses from second crystallization: 

Sucrose percent.. 33.70 

Sucrose by inversion do ... . 41 . 00 

Glucose do. . . . 27. 00 

(122) Sent by Springer Harbaugh, Saint Paul, Minn. : One sample of wheat and 
one of barley: 


‘ 


1 Wheat. 

Barley. 

Weight per bushel . . . 

.... pounds . . 

1 

C2.7 

65.4 

Weight of 100 grains . . . 

. ...srrams.. 

2. 233 

3. 755 

Moisture 

. . .}>er cent. . 

G.52 

7.52 

Ash 

do 

1.48 

1.44 

Fat 

do. . . , 

o n.> 

.V, fj-w 

3.55 

Cai bohyclrates 

do 

71.93 

72.77 

Crude fiber 

do ... . 

2.00 

2. 12 

Albuminoids 

do 

15. 49 

12.60 


(123) Sent by A. Chandler, Fargo, Dak. : A Svample of Polish wheat: 


Moisture 

jiVsll 

Oil 

Carbohydrates 

Crude liber 

Albuminoids . . 

(124) Sent by W. T. Kelso, Haliock, Minn. 

Weight per busliel 

Weight of 100 grains 

Moisture. . 

Ash . . . . 

Oil 

Carbohydrates 

Crude fiber 

Albuminoids 


percent.. 8.82 

■ do.... 1.89 

do. . . . 2. 60 

do.... 67.92 

do.... 1.33 

do. . . . 17.42 

A sajnpie of wheat: 


pounds.. 67.00 


rams. . 

2.925 

cent. . 

7.58 

do. . . . 

1,. 45 

do. . . . 

3.65 

do .... 

70. 59 

do. . . . 

1.68 

do ... . 

15 „ 05 


(125) Sent by L. IT. Haines, Fargo, Dak. ; A sample of wheat; 


Moisture per cent. 

Ash do . . . 

Crude fiber do . . . 

Albuminoids do . . . 

Carbohydrates. do. , , 


7, .80 
1 . 77 
1. 70 
15. 93 
72.80 


(126) Sent by W. H. Reed. IValla dUalla, VCasli 

Moisture 

Ash 

Oil 

Crude fiber. . . 

Albuminoids . 

Carbohydrates 


A sample of wheat: 

percent.. 7.42 

... do ... . 1.95 

... do ... . 1 . 98 

...do.... 2.13 

. . .do. . . . 9. 89 

...do.... 76.63 
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(127) Sent by Alex. McBetii, Georgetown, D. C. -/Sample of rice hu^s and ash 
from same: 


per cent . . 81 . 72 

, . . .do. . . . 4. 15 

do. . . . 14. 13 

. . . .do. . . . 89. 13 

The ash also contains a trace of manganese. 


Organic matter in husks 

Moisture in husks 

Ash in husks 

Silica in ash 


(128) Sent by J. H. Watkins, Palmetto, Ga. : A sample of Kaffir corn: 


Moisture. . . . 

Ash 

Oil 

Dextrine . . . 

Sugars 

Starch 

Albuminoids 
Crude fiber. . 


per cent . 

11.18 

. ... do ... . 

1.22 

. . . . do . . . 

3.58 

. . . . do . . . 

3.37 

. . . . do . . . 

1.85 

. . . . do . . . 

67.62 

. . . . do . . . 

9.73 

. . . . do . . . 

.85 


9 


(129) Sent by W. M. King, superintendent Seed Division. : A sample of Kaffir com 
for the determination of nitrogen only: 

N itrogen per cent . . 1 . 43 

Equal to albuminoids . , , > . .do. . . . 8. 93 


(130) Sent by William M. Singer ly, Philadelphia, Pa. : A sample of brewer’s grain: 


Moisture 

Ash 

Oil 

Carbohydrates 
Crude fiber. . . 
Albuminoids . 


per cent . 

7.86 

. . . .do. . . 

4.33 

. . . . do . . . 

5. 66 

. . . .do. . . 

51.37 

. . . .do. . . 

8.81 

. . . .do. . . 

21.97 


(131) Sent by John A. Baker, Washington, D. C. : A sample of pea-meal: 


Moisture 

Ash 

Oil 

Carbohydrates 
Crude fiber. . . 
Albuminoids . 


per cent . 

8.21 

. . . .do. . . 

3.73 

. . . . do . . . 

1.89 

. . .do. . . 

62.16 

. . .do. . . 

2.19 

. . .do. . . 

21.82 


This meal would make an excellent cattle food, having a very high percentage 
of nitrogenous matters, with a good proportion of phosphoric acid in the ash. 

(132) Sent by Dr. W. M. Mew, Washington, D. C. : A sample of food material for 
the determination of nitrogen only: 

Nitrogen percent.. 4.75 

Equal to albuminoids do. . . . 29.75 

(133) Sent by J. Sears, Chicago, 111. : A samj^le of cotton-seed hulls for the deter- 
mination of nitrogen only: 

Nitrogen .' per cent . . .77 

Equal to ammonia do 93 


(134) Sent by J. Sears, Chicago, 111. : A samj)le of powdered olive stones for the 
determination of nitrogen only: 

Nitrogen per cent. . . 25 

Equal to albuminoids do ... . 1 . 56 

(135) Sent by J. Sears, Chicago, 111.: Powdered cocoa-nut shells for the deter- 
mination of nitrogen only; 

N itrogen per cent . . .20 

Equal to albuminoids do .... C 35 

(136) Sent by the Hon. Secretary of the Treasury: A sample of opium from the 
collector of customs at San Fi*ancisco: 

Moisture per cent. . 21. 10 

Morphia do .... 6.38 
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(137) Sent by Ernest T. Gennert, Berlin, Germany: Two samples of cotton-seed 
meal, in one of w^liich the oil had been extracted by hydraulic pressure and the other 
by petroleum: 



Hydraulic 

pressure. 

Petroleum. 

Moisture 

Per cent, 
6. 10 

Per cent. 
7. 52 

Ash 

7. 50 

6.35 

Crude fiber 

2. 99 

12.01 

Nitrogen 

7.47 

5.29 

Equal to albuminoids 

46. 69 

33. 06 

Oil 

13. 26 

3.27 



(13§] Sent by Dr. George Vasey, botanist: A sample of tiquila, a fermented liquor 
made from fermented agaves : 

Alcohol per cent. . 41. 58 

Dry residue do 012 

Aromatic oil do 020 

This liquor has a slight acid reaction and contains no fusel oil. 


Hon, Norman J. Colman, 

Commissioner of Agriculfiire, 


H. W. Wiley, 

Chemist, 


} 



■ REPORT OE THE BOTANIST. 


Sir: The subjects which have largely occupied the attention of this 
division during the past year are — 

First. An investigation of the grasses of the arid districts of the 
West and Southwest, concerning which a bulletin has been published. 
Two agents were employed in the examination in western Texas, 
ISTew Mexico, Arizona, and parts of Nevada and Utah. Some two 
hundred species of grasses were observed growing in different situa- 
tions and soils, and about thirty of these have been selected as de- 
serving of attention and experiment for purposes of cultivation. 
Figures and descriptions of these are given in the bulletin in order 
to facilitate an acquaintance with them by persons interested, and it 
is hoped that a careful trial will be made of such by the farmers and 
graziers of the district. 

Second. Several new or interesting and promising forage plants 
have been brought to the attention of the Department as presenting 
promising features for cultivation in special localities. Among these 
are some species of clover, and a European forage plant known as 
Sainfoin or Asperset (botanically, Onohrychis sativo?}, which has at- 
tracted, recently, considerable attention in California and Nevada 
as giving promise of great value for cultivation on dry hills and 
mountain slopes. 

A paper on Teosinte as a forage grass is also presented. On ac- 
count of the large quantity of foliage which this grass affords, it has 
great vadue for soiling and storing in silos wherever the climate will 
allow of its full development. 

Third. We have continued an account of common weeds which 
interfere with agriculture, and have given such information respect- 
ing their destruction and eradication as we have been able to obtain. 
In addition, some account is given of the cultivation of Peppermint 
for the purpose of procuring the oil for medicinal and pharmaceuti- 


cal purposes. 

A paper on cross-fertilization and another on pollination are also 
presented, which will provoke research and investigation. 
Pespectfully, 

Geo. Vasey, 

Hon. N. J. CoLMAN. Botanist, 


FORAGE PLANTS. 

Teosinte {Euchlcena luxurians). 

This nev/ forage plant, a native of Central America, bids fair to 
fill a permanent place for the South. Seed was first introduced into 
this country by the Department many years ago, but not until 1886 
is there any record of its having ripened seed in the United_ States. 
In that year a small quantity was ripened in southern Florida and 
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in southern Mississippi, near the Gulf. In the fall of 1887 circulars 
were sent to a number of parties to whom seed had been distributed 
the preceding spring, asking whether any of the plants had ripened 
seed; also that samples of the growth be sent to the Department. 
Samples bearing ripe seed were received from several parties in 
southern Florida, hut from no other locality. On one of the stalks, 
having 13 fertile joints, 812 seeds were counted. In some cases ripe 
seed was produced on plants the seed of which was planted the pre- 
ceding spring, but usually if was produced on those the roots of 
which had lived through the previous winter, Teosinte having been 
cultivated for a number of years in that section. A quantity of the 
crop of seed which ripened in southern Florida the past season has 
been purchased by the Department to be distributed in the spring 
of 1888. 

Teosinte makes a rapid, succulent, and abundant growth, which, 
in the warmer parts of the country, may be cut two or moi*e times 
during the season. In Florida the first crop from roots which have 
lived over winter is sometimes cut for fodder, and the second crop 
left to ripen seed. This plant requires good soil, and that which is 
moist but not necessarily wet. It can not be considered of any value 
for the dry regions of the West, except where irrigation is practiced. 
It seems to suffer from the effects of drought rather more tlran Indian 
corn. On goo.d soil which is not too dry it will probably prove to be 
of value much farther north than where it attains its complete devel- 
opment. On good garden soil on the Department grounds plants 
from seed sown on the 4th of last June attained a height of 6 feet by 
the 29th of July. 

A sample of Teosinte grown in 1885 by John S. Erwin, of Kirk- 
ville, Mo., was analyzed by Mr. Edgar Dichards, of the Chemical 
Division of this Department, and found to contain a lower percent- 
age of crude fiber and a higher percentage of albuminoids than either 
clover or timothy hay. Mr. Clifford Richardson, the acting Chemist, 
expressed the opinion, however, that the sample was exceptionally 
rich. (Plate I.) 

White sage {Eurotia lanata). 

This plant, known as White Sage or '' Winter Fat,” is abundant 
in places through the Rocky Mountain region from Mexico to British 
America. Prof. S. M. Tracy, who visited portions of Nevada, Arizona, 
and adjoining territory in 1887, investigating the native forage plants 
under the direction of the Commissioner of Agriculture, states that 
in more arid districts of Arizona, Nevada, and Utah this plant, with 
Greasewood {Sarcohatus vermiculatus), are the most highly valued 
plants for winter forage. An importapt fact in regard to the plant 
is its ability to thrive in somewhat alkaline soils. It is employed as 
a remedy for intermittent fevers. 

It is a perennial, half shrubby plant growing a foot or two high, 
with slender wooly twigs, which are abundantly covered with linear 
sessile leaves an inch to an inch and a half long, with a velvety sur- 
face of a grayish color and with the margin rolled back. They are 
mostly in small fascicles or clusters. The flowers are minute and in 
small clusters in the axils of the leaves, chiefly on the upper part of 
the stem. The flowers are of two kinds, male and female, on separate 
parts of the stems, or sometimes on separate plants. The small fruit 
is covered with long and close whitish hairs. 
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The plant belongs to tlie order Clicnopoa 
as tlie common Pigweed. (Plate I.L) 


or the same order 


Nopai. or Cactus {Opuntia Erigelruanni). 

One of the principal chaiTicteri sties of tinj A^egetation of arid dis- 
tricts is the prevalence of dilforent species of Cactacece, or cactns- 
like plajits. ■ These are exceedingly AUrriabie in form and size, and 
are divided into soAmral genera. Of tliese the Opniitias are extremely 
common. There are two kinds of these; one AAdth broad, flat joints, 
and one Avith cylindrical or club-shaped joints. 

Of the flat, broad- jointed kind there are many species. The Opuntia 
vulgaris is common in sandy ground in the Eastern Atlantic States. 
In western Texas and other parts of the arid regions reaching to Cal- 
ifornia is a much larger kind, of the same general appearance, Avhich 
is caJled Opuntia Engelmanrii. This is a stout, coarse-looking plant, 
groAving from 4 to 0 feet high, and mu(*]i braijched. The joints are, 
in iarg(i specimens, a foot long and 9 or 10 inches broad, Avith groups 
of stout spines from one-half to Id inclies long. They are apparently 
leafless, luit in young specimens minute flesliy leaves may be cletected. 
Springing from the side of these joints at tlie proper season are hand- 
some flowers 2 or o inches in diameter, AAdiicIi are succeeded by 
a roiindish fruit, nearly 2 inches long, fllled Avith a purplish pulp, 
generally of an insipid taste, while imbedded in the pulp are num- 
bers of hard, small seeds. The common name of this Opuntia among 
the Mexicans is ISTojAal, and some of the species have fruit which is 
edible and highly esteemed. The use of the above species of Prickly 
Pear or Cactus for forage in the dry regions of Texas and westward 
is a matter of considerable importance. An extended account of its 
use is given in Bulletin 3 of this division. The usual method of 
preparing the plant for feeding is to singe the prickles over a brisk 
blaze. To some extent, especially by sheep, the plant is eaten in the 
natural state, but serious consequences frequently result in such cases. 
Its chief use is as a substitute for other fodder in times of scarcity, 
but when properly prepared and fed with hay and grain it forms a 
valuable article of food for cattle. (Plate III.) 


Sainfoin {Onohrycliis sativa, Lam.). 

This leguminous forage plant has recently been introduced into this 
country under the name of Asperset.” 

Esparsette is the German name; Sainfoin is the name used in France 
and England. It is a perennial, having somewhat the appearance 
of Lucerne, but of smaller size and different habit. It seldom ex- 
ceeds feet in height, Avith a weak stem, rather Jong, pinnate leaAms, 
and flowers of a pink color in a loose spike, 2 to 4 inches in length, 
raised on a long, naked peduncle or stalk. The floAvers are succeeded 
by short, single-seeded pods, which are strongly reticulated or marked 
by raised lines and depressed pits. It is a natiA^e of central and south- 
ern Europe and AAU3stern Asia, and in Europe has long been in culti- 
vation. From experiments made by the Duke of Bedford in Eng- 
land AA^e learn that it Avas first introduced to English farmers as a 
plant for cultivation from Flanders and France, Avhere it has been long 
cultivated. It Avas found to be less productive than the broad-leaved 
clovers, but on clialky and graA^ellA^ soils tliere aaus abundant proof 
of tlie superiority of Sainfoin. It produces but little herbage the first 
■ year, but improves in quantity for several years. 
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Mr. Martin J. Sutton, in a recent work on ‘‘Permanent and 'tem- 
porary pastures/' says that it has been cultivated in England*! or over 
two hundred years. He says that it is essentially a food for sheep, and 
in pasturing the sheep do it no injury. It is also useful for horses, 
but produces nothing like tlie quantity of green fodder that can be 
obtained from the Lucerne patch. When sown alone Mr. Sutton says, 
that Sainfoin is liable to decrease and become overrun with weeds. 
He recommends its use as a predominant constituent in a mixture of 
grasses and clovers. He says that combined with strong growing 
grasses there is less risk and the grasses keep down the weeds which 
otherwise are apt to overrun the Sainfoin. In a green state it is quite 
free from the danger of blowing cattle (Hoven), and when made into 
hay is an admirable and nutritious food. But it requires great care 
in drying when made into hay. 

Mr. Sinclair states that the produce of Sainfoin on a clayey loam 
with a sandy subsoil is greater than on a sandy or gravelly soil rest- 
ing upon clay. 

A French writer savs that Sainfoin can not accommodate itself to 
damp soil, and even dreads soil which, although dry, rests upon a wet 
subsoil. It delights in dry soil, somewhat gravelly and, above all, cal- 
careous. It flourishes upon the declivities of hills where water can 
not remain, and in light soil where its powerful root can readily pene- 
trate. But, although surviving in the poorest calcareous soil, like 
clover and Lucerne, its productiveness is always relative to the per- 
meability and fertility of the land. It j^refers open, sunny places, 
with a southern or eastern exposure. 

Sainfoin has received several trials in this country, but without 
much success, probably from the experiments having been made 
upon unsuitable soil. W e can not expect that it Vill be preferred in 
places where clover succeeds, but in light soils and in regions with a 
light rain-fall it should receive a thorough trial. 

A recent bulletin of the Iowa Agricultural College gives the result 
of some experiments with this plant, which are very satisfactory. 
Observations there made indicate that it stands early freezing quite 
as well as Kentucky blue-grass. It produces at the rate of 3 tons of 
dry hay per acre. It deserves trial in Kansas, K ebraska, and Colorado. 
(Plate I V.) 

Alsike clover {Trifolium liybridum, L.). 

This differs from common red clover in being later, taller, more 
slender and succulent. The flower heads are upon long pedicels, 
and are intermediate in size and color between those of white and 
red clover. Its botanical name was so given from its being sup- 
posed by Linnseus to be a hybrid between those clovers, but it is now 
known to be a distinct species. It is found native over a large part 
of Europe, and was first cultivated in Sweden, deriving its common 
name from the village of Syke in that country. In 1834 it was taken 
to England, and in 1854 to Germany, where it is largely grown, not 
only for its excellent forage but also for its seed, which ^commands a 
high price. In Franco it is little grown as yet, and is frequently con- 
founded with the less productive TrifoUum elegans. 

The following is condensed from “Les Prairies Artificielles ” by 
Ed. Vianne, of Paris: 

Alsike does not attain its full development under two or three years, and should 
therefore be mixed with some other plant for permanent meadows. It is best 
adapted to cool, damp, calcareous soil, and gives good results upon reclaimed marshes. 
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Jt is adapted neither to very dry soils nor to those where there is stagnant water. 
Being of slender growth, rye-grass, rye, or oats are often sown with it, when it is 
to be mowed. In fertile ground weeds are apt to diminish the yield after a few 
years, so that it requires to be broken up. It is generally sown in May, at the rate, 
of 6 to 7 pounds of the clean seed per acre. Sometimes it is sown in the pods 
at the rate of 50 to 100 pounds x>er acre either in spring or in autumn after the 
cereals are harvested. 

Alsike sprouts but little after cutting, and therefore produces but one crop and 
one pasturage. The yield of seed is usually 130 to 170 pounds per acre. The seed 
separates more (easily from the pods tiian that of ordinary clover, and as the heads 
easil}^ break off when dry, care is required in harvesting. 

It does not eiidure drought aas well as tlie common red clover, but will grow on 
more damp and heavy soils, and it is said that it can be grown on land which, 
through long cultivation of the common clover, has become ‘‘ clover sick.” 

(Plate V.) 


French clover {Trifolium incarnatum). 

This animal clover is a native of Europe. It grov/^s to the height 
of about 2 feet. The heads are about 2 inches long, very densely 
flowered, with the petals varying from a pinkish to a crimson color. 

It has been introduced and tried to some extent for cultivation in 
this country, but has not met with much favor. It deserves trial, 
however, in the dry climate of the West. (Plate XIV.) 

Mammoth clover {Trifolium medium), 

. \ 

The true botanical position of the clovers cultivated in this coun- 
try under the names Mammoth, Sapling, or Pea- vine clover, etc., is 
still somewhat in doubt. They are usually regarded as being the 
above-mentioned species, but are, perhaps, a variety or varieties of 
the common red clover, Trifolium proiense. They agree in having a 
larger and later growth than the ordinary red clover, and on this ac- 
count are for some purposes more valuable. 

The following records of experience may be relied upon for the 
localities mentioned : 

Prof. Samuel Johnson, Agricultural College, Michigan: 

It grows too rank and coarse to make good hay. For pasture or for manurial 
purposes it might prove better than the smaller sort. When grown for seed it is 
usually pastured until the 1st of June, and then allowed to grow up and mature 
the crop. 

M. C. Alger, Augusta, Mich. : 

Pasturing until the 1st of June insures a larger yield of seed, as it is cooler while 
filling; but many do not pasture. I do not think it can be cut more years than the 
smaller kind. It is said to stand drought better, but I doubt that. It will give three 
times the amount of pasture during the season that is given of the smaller kind if 
kept down pretty close, but during the fall the amount of pasture produced is less. 
It is said to smother out in winter if a large amount is left on the ground. Another 
objection is that it requires cutting just at harvest time. 

C. M. Alger, Xewaygo, Mich. : 

I have raised the Mammoth Clover, but do not like it for my heavy land, as it 
grows too large. For every acre that I raise I have to buy or borrow two more of 
my neighbor’s to cure it on. It is, however, excellent for pasture, as it stays on the 
ground longer than the medium variety. It is good for raising seed, as it nearly 
always fills full. I have seen 8 bushels per acre. The seed is always grown on the 
first crop, as the second never blossoms. It grows here from 4 to 5 feet high and 
is good for plowing under for manure. 
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Austin Pots^ Galesburgh, Mich. : 

Perhaps not over 20 per cent, of the clover grown here is of the mammoth variety. 
It does not seed as well as the common clover. 

L, H. Pursley, Jenisonville^ Mich.: 

I do not find it as good for hay as the co; union red clover; the stalk is so large 
that stock will not eat them at all. For pasture it is better than the small variety. 
It does not require pasturing in spring in order to produce a crop of seed. 

James Hendricks^ Albany, N. Y. : 

About twenty years ago there was treble tlie qupaitity sown in this part of Albany 
County that there is at jiresent; now nearly all our farmers sow the medium clover 
with timothy. 

Prof. F. A. (xulry, Agricultural College, Miss. : 

On good land with us it grows rank, and the long stems fall down and mat on the 
ground, and if we happen to have wet weather the lower leaves and parts of the 
Stalk will begin to decay before the plant is in full bloom. The second crop ripens 
6eed, but to what extent I can not say. I consider the common red clover more 
desirable here, althougli it may not j^ield as well. 


WEEDS OF AGRICULTURE. 

The following account of the more troublesome weeds is continued 
from the report of last year: 

Purslane {Portulaco. oleracea), 

A low prostrate annual, common in cultivated grounds, with thick, 
fleshy, obovate leaves, about an inch in length, and very smooth. 
The flowers are minute and sessile at the ends of the branches and 
in the axils of the leaves, opening only in the morning sun; the five 
or six petals are pale yellow, the stamens number seven to ten and 
twelve, and tlie capsule or seed vessel is oval, and opens by the rupt- 
ure of a transverse seam near the middle. This introduced weed is 
everywhere known in this country by the name of Purslane or ‘'Pus- 
ley.” 

In the cooler clirnafe of England it is not considered a weed, and 
is used to some extent as a pot-herb. It does not start into growth 
until the season is well advanced, in the Northern States about July. 
It is most troublesome in garden crops, such as onions, and does 
comparatively little harm in such crops as corn and potatoes, which 
shade the ground and permit horse cultivation. It is most prevalent 
on sandy soils. Its troublesomeness results mainly from its pro- 
lificacy and rapid, maturity, and from the fact that it will retain its 
vitality and mature its seed after being detached from the soil. If 
the land is repeatedly cultivated before the plant exceeds an inch in 
height it is easily kej^t down, but if allowed to become large it is al- 
most certain to ripen its seed. After garden soil has become stocked 
with the seed it will often be found best to cultivate the land in some 
field crop for two or three years, until it is freed from the weed, and 
grow the garden crops upon land which has not yet beoojiie infested. 

The amount of seed produced may be judged from the fact that 
1,250,000 seeds have been counted on a single plant. The greatest 
injury from this weed arises from the fact that it grows rapidly and 
ripens its seed after cultivation of the crops has usually ceased. 
(Plate YI.) 
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Common milkweed {Asclepias cormiti). 

An herbaceous plant with a perennial root^ native of this country, 
although now spontaneous in many parts of Europe. The stems 
are erect and unbranched 2 or 3 feet high, and clothed with op- 
posite oblong leaves, with very short stalks, 4 or 6 inches long and with 
entire margins, soft and velvety on the lower side, with many propi- 
inent veins at right angles with the midrib, and connecting near the 
margin. The flowers are in large clusters, called umbels, proceeding 
from the top and upper portion of the stem, each umbel supported 
on a thickish peduncle 2 to 4 inches in length. The individual flow- 
ers, 20 to 40 in each cluster, are supported on slender pedicels about 
an inch in length. The flowers are less than half an inch long and 
of the peculiar structure common to the milkweed family. This 
will be best explained by reference to the figure given. Usually only 
one or two of these flowers mature fruit, which is an ovate pod^about 
3 inches long and an inch thick, roughish, with weak protuberances, 
but soft and velvety, and tilled with a multitude of small fiat over- 
lapping seeds, each with a croAvn of soft silky fibers, which seems to 
waft the seed in the air. 

This best knoAvn of our milkweeds, north of Tennessee and east 
of the Mississijipi, has •becom e exceedingly troublesome in some lo- 
calities as a weed. Its deep running perennial root-stocks are very 
tenacious of life, and spread rapidly, throwing up numerous stems. 
The plant is most troublesome in meadows and along roadsides, 
forming patches Avhich check the groAvth of grass. Its seeds are 
distributed by means of a tuft of silky hairs. The milky juice is a 
popular remedy with children for warts. The young shoots ‘^ve used 
by some as a substitute for asparagus. The plant has a strong fiber, 
which some have attempted to utilize. 

This plant is subject in some localities to the attacks of a fungus, 
which checks its growth and gives it a sickly yellow appearance. 
The affected leaves usually become revolute at the margin, and the 
plants, if badly affected, fail to blossom, and send up numerous slen- 
der shoots, reminding one of the ‘^yelloAvs’’ in peaches. The exter- 
inination of the plant requires careful cultiA^ation throughout the 
entire season, after Avuich it Avill not be found difficult to prevent its 
becoming again established. (Plate VII.) 

Cursed crowfoot {Ranunculus sceleratus). 


A low herbaceous plant of the Buttercup family with a smooth, 
thickish, spongy stem, rniK'h l)T*a7udied above. The loAver leaves are 
one-half inch in diameter, deeply throo-lobed, AAuththe lobes coarsely 
and obtusely toothed; the upper leaAms become narrower and less 
divided, or almost linear and undivided. The flowers are very nu- 
merous and small, on pedicels half an inch to an inch in length. The 
light yellow petals are less than one-fourth inch in length. The 
heads of carpels or fruit are, Avlien mature, about half an inch long, 
densely croAvuled vrith the minute seeds. The plant attains a height 
of a foot or tAA^o. It is a iiati\^e of Europe, but has been Avidely dis- 
tributed over the Avorld. It is found mainly in ditches and other 


wet places. The name was not given by reason of any extreme 
troublesomeness as a weed, but on account of the acrid and biting 
character of the juice. This is so irritating that if applied to the 
skin it will readily produce blisters. NotAvithstanding this fact, if 
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the plant be boiled and the water thrown off, it is not unwholesome, 
and is sometimes eaten by the peasants in Germany as a vegetable. 
(Plate VIII.) 

Chondrilla juncea. 

This plant grows to the height of 2 or 3 feet, having strong, deeply 
spreading roots, and slender, twig-like stems, more or less branching 
above and apparently destitute of leaves, or with a few slender 
thread-like leaves. The leaves are mostly in a cluster at the base of 
the stem, where they have an irregujar jagged shape, much like those 
of the Dandelion. The bare twigs become sparingly clothed during 
the summer with sessile flowers of the order Compositce; in appear- 
ance much like those of Lettuce. This unsightly perennial weed has 
been introduced into Maryland, Virginia, and other Southern States, 
where it is spreading along roadsides and over dry uncultivated 
fields. Complaints have been received from Virginia of its agressive 
nature, and of the difficulty of its extermination. It is a native of 
the southern half of Europe and the adjoining countries of Asia. 
Over most of France it is common upon sandy soils. It has not yet 
entered England and the other northern countries of Europe, and 
therefore it is not expected that it will become prevalent to any ex- 
tent in our Northern States. 

For the eradication of this pest summer fallowing with frequent 
plowing and harrowing will be necessary. This method, succeeded 
by a hoed crop, will probably relieve the field of its presence. At 
the same time the greatest care should be taken to exterminate it 
from roadsides and neglected fields, where it is liable to maintain a 

foothold. (Plate IX.) 

1 

St. John’s wort {Hypericuvi perforahim). 

A perennial herb, growing to 2 feet high, usually with many 
opposite spreading branches, and clothed with many opposite, small, 
sessile leaves, less than an inch long, oblong or ovate-oblong, with 
entire margin and obtuse summit. These leaves are marked by 
many minute pellucid dots. The flowers are collected into small 
clusters or cymes at the extremity of the branches. They are less ' 
than an inch in diameter, with five deep yellow petals, which are 
twice as long as the lanceolate sepals. The stamens are very nu- 
merous, collected in several clusters. There are three pistils, which 
develop into a three-celled many-seeded pod. 

This plant received its name, probably, from the fact that the 
common people of France and Germany gather it with great cere- 
mony upon St. John’s day and hang it in their windows as a charm 
against storms, thunder, and evil spirits.” The plant has beendn- 
troduced and become naturalized quite extensively in this country 
east of the Mississippi. It is a perennial weed, rather troublesome 
in old fields and pastures. At one time it was supposed to cause 
ulcers upon the feet of cattle, but it has probably no such effect. 
(Plate X.) 

Pigweed {Amarantus hyhridus). 

This coarse annual weed, common in nearly all cultivated ground, 
grows to the height of 4 or 5 feet, with a much-branched stem, with 
numerous alternate leaves, which are mostly from 2 to 3 inches long, 


309 


EEPOET OF THE BOTAHIST. 

\ 

of an ovate form, with prominent nerves and entire margins. The 
flowers are small, of a pale-green color, and very nnmerons in ter- 
minal and lateral spikes. Each minnte flower has at the base three 
stiff, pnngent bracts, with five thin, chaffy sepals, five stamens shorter 
than the sepals, and a central ovary or seed vessel containing a sol- 
itary black and shining seed. In some cases these flowers contain 
only stamens, and in others only the pistillate organs. The Lamb’s 
Quarters” or Goosefoot (Clienopodium album) is also known in com- 
mon language as Pigweed. In some sections it is conveniently dis- 
tinguished from that weed by the appropriate name of Red Root.” 

The species here described and illustrated seems to be the one most 
abundant in cultivated gTounds in this country. Like the other 
closely-related species which have become weeds, it is an introduc- 
tion from the warmer parts of America or from Europe. 

It is found abundantly native in Mexico and throughout the south- 
ern borders of the United States. 

In Mexico and southern California the Amaranths are often used 
as forage plants, and the seed is gathered by the Indians for making 
bread. (Plate XI. ) 


Wild caurot {Daucus carota). 

This biennial vegetable is so well known in its cultivated state in 
gardens as to hardly need any special description. It belongs to the 
Order UmbeUifercBy which is distinguished by having its small flow- 
ers in clusters, called umbels, so named because the flower stalks all 
start from one point at the extremity of a branch and spread out 
like the ribs of an umbrella. , These stalks or rays, as they are called, 
are in most species again divided into smaller umbels called um- 
bellets. In the Carrot these rays are very numerous, and form to- 
gether a close flat-topped cluster, becoming concave in fruit. The 
leaves are divided and subdivided into numerous fine segments. 

The Wild Carrot is abundant in several of the Central and East- 
ern States, and is spreading into new localities. It is not trouble- 
some in cultivated land, being confined chiefly to meadows and road- 
sides. It is usually introduced in grass or clover seed. The umbels 
curl up when ripe and hold the seed into the winter, when it is 
gradually scattered ; sometimes the umbels break off and are driven 
over the snow, carrying the seeds to adjoining fields. Fifty thousand 
seeds have been counted on a plant of average size. Carefully cut- 
ting the plants for two years will eradicate most of them. (Plate 
XII.) 


Coco OR NUT-GRASS {Cyperus rotundus, var. Hydra), 

This so-called grass, a species of Cyperus or Sedge, is regarded as 
the worst pest of agriculture upon sandy soils throughout the South. 
It is said to have been accidentally brought to this country by a gen- 
tleman of Xew Orleans among some exotics obtained from Cuba. 
Thinking that he had obtained some rare plant he set it in his gar- 
den and thus introduced this terrible scourge. It produces but lit- 
tle seed, but propogates itself mainly by runners which ramify 
through the soil, producing tubers at intervals of 6 or 8 inches and 
sending up stems to the surface. It is exceedingly tenacious of life 
»and ordinary plowing and cultivation serves only to make it spread 
more rapidly. The only process yet discovered by which this grass 
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caa extirpated is to plow or hoe the spots in which it grows every 
day tlirough the whole season. In their perpetual efforts to throw 
their leaves to the light the roots become exhausted and perish.” 

It is said also that by planting the land to Bermuda grass the hlut- 
grass may be smothered out. Its appearance is well represented in 
the figure. 

A correspondent of the Times-Dejnocrat thus describes his experi- 
ence with this pest: 

I had a few acres thickly infested witli nut-grass and determined, if po ssible, to 
get rid of this unwelcome interloper. Broke the land deeply in the fall, gave it a 
shallow plowing the following spring, and planted in cotton early in April. I 
cultivated it as well as I could, but it seemed almost impossible to keep ahead of the 
grass. About August 15, 1 took the turning plow, wrapped the grass up completely, 
and did not allow it to go to seed. I can not exp>lain how it is, bnt my coco has dis- 
appeared and I am troubled with it no longer. 

(Plate XIIL) 


Barberry {Berheris mdgaris). 

This shrub is a native of Europe, but has been introduced into the 
United States; is frequently seen in cultivation, and in Xew Eng- 
land has in some places escaped and become wild. It is a pretty 
ornamental shrub, attaining a height of 8 to 10 feet. The twigs are 
commonly spiny, and the leaves, which are obovate and sharply 
toothed on the margins, are in fascicles in close connection with the 
spines. The flowers are in racemes, like those of the currant, are of 
a yellow color, and are succeeded by bright red, oblong, acid ber- 
ries. The berries are often used in making preserves for the table. 

The shrub is brought to notice, not because it has yet become so 
common as to be called a weed, but principally because of the com- 
m,on but fallacious belief among farmers that the X->i*eseiice of this 
bush was the cause’ of rust in grain. This opinion arose from the 
fact that the leaves .of the Barberry are subject to the attack of a 
fungus which is identical with one of the stages of the wheat rust, 
but has no necessary connection with it, (Plate XV). 


MEUICIXAL PLANTS. 

/ 

Peppermint {Mentha piperita, L.). 

Numerous requests for information regarding the cultivation of 
peppermint have been answered by the division during the past year. 
About four-fifths of the world's supply of peppermint oil is produced 
in this country, the annual product amounting to nearly $1,000,000. 

In addition to information given on this subject in former reports 
the following from Mr. P. E. Hagenbuch, a successful peppermint- 
grower of Saint Joseph County, Mich., has been furnished by request: 

To grow mint successfully requires a good, heavy, sandy loam and clean culture. 
Cleanliness is essential for two reasons: First, mint is a slow-growing plant, and if 
it is not kept clean it is soon overgrown; second, mint-oil, when pure, has a very 
fine flavor, while if any of the weeds known as mare-tail, fire- weed, smart-weed, or 
rag-weed are distilled with the mint it acquires an offensive odor, which prevents 
it selling readily. 

Mint has been carried from this county into other States, but usuall;^ with poor 
success. It has proved a failure in California, Iowa, Illinois, and southern Minne- 
sota, the plant having a large growth but little oil. 
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I understand that it grows with success on sandy loam in northern Minnesota; also 
that it has been taken to Mississippi and grown successfully there. 

I believe x^eppermint is the mosi successful crop that can be grown upon the marsh 
mucks of Michigan. Last year my partner and my seif grew $400 worth of oil upon 
9 acres, and we have 25 acres now ready to plant. Our marsh is tiled every 6 rods, 
from 3 to 4 feet deep. 

Mint must be planted in the spring as soon as it is j^ossible to getuj^on the ground, 
as the roots start very early. We generally plant on clean clover sod, corn stubble, 
or old potato ground. It is the only crop that I know^ of that follows potatotjs well. 
After the ground is plowed and harrowed it is marked out one way, from 2 feet 8 
inches to 3 feet aj^art, with a shovel plow, (^are being taken to make but a short dis- 
tance ahead of the planting, that the land may be fresh. In digging the roots for 
planting we first jdow them out, then shake well with a fork and draw in piles to 
where they are to be planted, covering well with earth to keep them from becoming 
dry. In ^Dlanting, a man takes a coffee-sack and fills it with roots well picked to, 
pieces, then svings it across liis shoulder; he now gets astride of the row, pulls the 
roots from tlie sack with his left hand, throws them into the furrow with his right, 
and kicks the earth over them from both sides with his feet. An old hand at the 
work can j^lant an acre a day, but a green hand can not make all fours go at once, 
and will not i)lant more than half an acre. Care should be taken to alw^ays keep 
good roots in the row and have no gaps. After planting comes the hoeing and cul- 
tivating, which must be done with great care. If the land is reasonably clean at 
first, this can be done at a cost of $4 or $5 dollars per acre for the season, but in foul 
grassy land I have known a man to hoe only a tenth of an acre a day. 

About the last of July the x)lants begin to throw out runners and cultivation stops. 
The blossoms appear in the latter part of August, and the crop is then ready to dis- 
til. A distillery will cost $200 or more, according to the cost of boiler. A distillery 
consists of a boiler (15-horse capacity), two large tubs, 6 feet high and 5 feet 10 inches 
across the top, and a condenser made of tin pipes. The steam, admitted at the bot- 
tom of the tub, goes up through the mint and comes out at the top with the vapor 
of the oil; the vai:)ors of both then pass into the condenser, upon which cold water 
is pumped, the condensed steam and oil running out below into a receiver, which 
resembles an old sj^rinkling can. The oil remains at the top in the can, and the 
water is drawn off below. We usually cut the mint far enough ahead to have it dry 
before distilling, as it ’ hen handles better and loses no oil in drying. Peppermint is 
more reliable to grow than spearjiiint, as the latter is more delicate, being very sensi- 
tive to drought, too much moisture, or frost; in fact, a hard frost will often diminish 
the yield of oil one-half. 

Evening primrose {CEnotlierabie^inis). 

Mr. L. J. Germain, of Guy alioga Falls, Ohio, has contrihnted a 
very full account of the medicinal properties of this plant, of which 
the following is an abstract: 

In some of the Eastern States it is said to be used as a diaphoretic in fevers, and 
is there known as fever plant.” It is also said to be used there in the harvest 
field under the name of “ coffee plant,” for its invigorating qualities, and to slaken 
thirst and j)romote perspiration. In the Middle States it is generally known as * ‘ scab- 
ish x^lant,” or wild Evening Primrose, and is in great repute for “ summer com- 
plaints,” such as ordinary diarrliea, cholera morbus, bloody flux, Asiatic cholera, 
cholera infantum, etc. The young roots are also grated fine, pulverized, or macerated 
with fresh lard, mutton tallow, or fresh butter, and api^lied as an unguent to cuta- 
neous affections, such as burns, scalds, felons, bunions, erysipelas, cuts, and bruises. 
In the Southern States it is commonly known as “ king’s cure-all,” and used by 
physicians to dispel gathering humors, such as boils or “ gatherings.” The negroes 
use it as an an titode for snake bites and as a poultice for wounds, causing them to 
heal by ‘‘ first intention.” For the latter purpose the usual method of preparing 
the poultice by country physicians is by boiling the leaves with wheat bran. 

Another use for the plant is i7i cases of sun-stroke. Its reviving effect in such 
cases and the relief of the attending apoplexy is wonderful, as I have experienced 
in my 'own j^erson and observed in others. It is also used as a soothing stimulant 
by the aged, infirm, and hypochondriacal. I have seen the tea used successfully 
to promote perspiration and check vomiting and spasms in a case of Asiatic cholera. 

I also used the same with good effect upon myself on one occasion in a case of or- 
dinary cholera. On frequent occasions, during a series of years with a surveying 
party in the West, I have given it to m}^ men for sudden attacks of bowel complaint, 
always with good results. In some cases better results seem to have been obtained 
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by a slight addition of alcohol to effect a more complete solution of some of the 
gummy principles. Sulphate of ether, instead of alcohol, has beer] used in des- 
perate cases of cholera infantum and for the diarrhea which often follows scarlet 
fever. 

I should also add that the blossoms placed in water form a mucilage excellent 
for inflamed eyes. 


IMMEDIATE INFLUENCE OF CROSS-FERTILIZATION UPON THE FRUIT. 
' By A. A. Ceoziek, Assistant Botanist. 

This subject has i^eceived renewed, attention from horticnlturists 
and others during the last few years, and has been an object of ex- 
periment by private growers and at several of the agricultural col- 
leges and experiment stations. It is a question of considerable prac- 
tical importance. If different varieties of plants growing together 
may affect directly the character of each other’s fruits, the fact 
should be definitely known and the extent of such influence deter- 
mined. From the evidence collected it appears that many growers 
believe that in at least some cases such an influence exists. Squashes 
and pumpkins, for example, are believed to affect melons growing in 
their vicinity. In certain sections it has been the practice of market 
gardeners to plant an occasional hill of purapkins in their fields of 
water-melons for the purpose of increasing the size and firmness of 
the melons for market. Among strawberry-growers it is widely be- 
lieved that the berries of pistillate varieties will vary in character 
according to the staminate variety which furnishes the pollen. As 
many of the best varieties of strawberries are pistillate and require 
to be fertilized by some perfect fiowered variety, it becomes impor- 
tant to know with certainty whether such an influence exists or not. 

The question of the immediate influence of cross-fertilization upon 
the fruit has not heretofore received the attention of the Department. 
All the attainable evidence on the subject has therefore been col- 
lected both from growers and publications, and the principal portion 
of it, together with the results of a few additional experiments, is 
herewith printed. The total amount of existing testimony is consid- 
erable, but the amount of reliable evidence is small. The evidence 
here given, though sufficient, perhaps, to establish a probability, is 
intended mainly as a basis for a more complete study of the subject, 
which it is hoped will be made. 

SUMMARY OF THE EVIDENCE. 

Charles Darwin® gives a large amount of testimony to prove that 
cross-fertilization has an effect t]ie first season upon the ovary or 
fruit as well as upon the seed; but he says that such an effect does 
not always follow, and that Mr, Knight, a careful observer, had 
never seen the fruit affected, though he had crossed thousands of 
apples and other fruits. 

Dr. Asa Gray‘°‘^^ contributes several articles on this subject to the 
American Journal of Science, and states that ^^it is generally agreed 
that the alteration of the character of the fruit is immediate, i, e,, 
that it affects the ovary itself,” and adds: ‘^Improbable as such an 
influence seems to be, it is hardly more so than the now authenti- 
cated fact that the graft of a variegated variety of a shrub or tree 
will slowly infect the stock.” 

Thomas Meehan, after publishing much on the subject in his Gar- 
deners’ Monthly/^ ” reviews the whole question in an article in the 
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Rural New Yorker/^ and concludes that there is not sufficient evir 
dence to warrant a belief in the direct influence of pollen, except 
possibly in the case of Indian corn. 

Mr. N. E. Hansen, a student at the Iowa Agricultural College, con- 
cludes from a large amount of testimony collected in 1887, and from 
some personal experiments, that foreign pollen does sometimes exert 
an immediate influence on the fruit. 

The greatest amount of interest on the subject in this country has 
been in connection with the strawberry. Most growers who have 
given attention to the subject believe that there is a direct influence 
of foreign pollen, at least at times. At the last three sessions of the 
American Pomological Society the subject has been under discussion. 
Professor Lazenby, at the session of 1885,^ reported experiments made 
in 1884 at the Ohio Experiment Station in which there was an appar- 
ently marked effect of foreign pollen upon the fruit of the straw- 
berry. A repetition of the experiments in 1885, however, left the 
result in doubt. 

In the same yeaP^ Mr. E. S. Goff, of the New York Experiment 
Station, crossed Crescent and Sharpless strawberries with other sorts 
^ and saw no influence of the cross. In 1886'^^ he crossed the Crescent 
with pollen of three other varieties, but the fruit all appeared alike. 
In the same year he fertilized three varieties of black grapes with 
pollen of the white variety, Lady Washington, but observed no dif- 
ference in the character of the resulting berries. 

Thomas Wild, of Cooperville, Mich., has made numerous crosses 
in strawberries and believes that in some cases an influence of the 
cross is seen the first year. Perhaps the best evidences of immediate 
influence of foreign pollen is found in the case of corn. It will be 
borne in mind, however, that the ovary here is but a thin covering 
to the seed, and that any effect observed may be due solely to a 
change in the seed itself. 

Mr. A. A. Crozier in 1879 crossed flint corn with Yellow Dent, and 
in 1886^ crossed sweet corn and White Dent with Yellow Dent and 
observed an effect of the cross the same year. 

Experiments at the U. S. Experiment Station by Dr. E. L. Sturte- 
vant upon corn, though not undertaken for the purpose of deter- 
mining this point, have satisfied him that there is an observable 
effect the first season. 

Prof. S. M. Tracy states to the writer that he has crossed flint corn 
with yellow dent without observing any effect the first year. In 
other cases, however, an immediate effect has been seen. 

Experiences like that recorded in the letter of D. M. Ferry & Co., 
given below, are so common that the general opinion that corn will 
^^mix’^ the first year seems fairly well sustained. 

Among Cucurbitacece it is generally believed that cross-fertilization 
readily occurs and that its effect appears in the fruit the first season. 
Pumpldns are supposed to influence the fruit of squashes growing 
in their vicinity; water-melons are thought to be especially liable to 
be in juried by citrons; and cucumbers have been said by good ob- 
servers to affect the quality of muskmelons growing near. 

In some experiments by M. Naudin,^° a French scientist, on crossing 
in Cucurbitacece^ the varieties in each species crossed readily and there 
seemed to be an effect the first season, but the species themselves 
refused to hybridize. Out of seventy trials between all the known 
species except one, in but five instances did the fruit set, and in none 
of these was there a perfect seed. 
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The letters of Mr. Baker and D. M. Ferry & Co., given below, to- 
gether with the qnotation from Mr. Darlington, are strong testimony 
in favor of an effect of a cross the first year. On the other hand, if 
such an effect exists, it is remarkable that such seedsmen as Messrs. 
Comstock, Kolb, and Henderson, as shown in their subjoined letters, 
have never obseiwed it. 

During the past season Professor Bailey," Mr. Skeels,'^" and Mr. 
Crozier'’ each made successful crosses between different varieties of 
summer squashes, but the fruits differed in no observable respect 
from those self-fertilized. 

In regard to the ordinary fruits the testimony is equally discord- 
ant. About 1873 Dr. B. D. Halsted and Mr. C. W. Garfield, under 
the direction of Dr. W. J. Beal, at the Michigan Agricultural Col- 
lege, made one hundred crosses between different varieties of apples. 
About twentv fruits were the result, some of which seemed to com- 
bine the characters of both parents. Both Dr. Halsted and Mr. Gar- 
field believ^ed at the time that these results were due to an influence 
of the pollen used. Dr. Halsted still holds to that opinion, but Mr. 
Garfield, in view of the variations which spontaneously appear among 
apples, now doubts whether the appearances then obser ved were due 
to the crossing. 

Other experiments of the same nature have been made by students 
of Dr. Beal, but from none of them is he satisfied that there is an in- 
fluence of a cross the first year. 

In 1886 Dr. Halsted*^ crossed flowers of the Longfield apple with 
pollen of the Koman Stem. The resulting fruits combined the char- 
acters of both varieties and were believed to show a direct influence 
of the foreign pollen. Other crosses, made by himself and Prof. J. 
L. Budd at the Iowa Agricultural College, gav^e the same result. 

In 1887 Prof. L. H. Bailey" crossed Hyslop crab with the Olden- 
burg apple, and another variety of crab with Sweet Romanite, but 
no change in the fruit was observed. He also crossed the Spiny- 
fruited Datura stramonium with pollen of the Smooth-fruitea Da- 
tura inermis without observing any change in the character of the 
pods (see letter of Professor Bailey, given below). Among citrus 
fruits there is a prevalent belief in the immediate influence of cross- 
fertilization. 

Mr. Hart, whose letter is given, and Mr. Lyman Phelps, of San- 
ford, Fla., believe that they have observed a change in the appear- 
ance of oranges due to the pollen of other varieties growing near. 
The Bahia, or Washington Havel orange is believed to be especially 
potent in impressing its peculiar mark upon other varieties ; but as 
this variety produces very little pollen and is a shy bearer unJess 
fertilized by other varieties, and as specimens having the Havel mark 
are found in varieties where no Havel trees exist, the evidence from 
this source for the immediate influence of pollen on the fruit does 
not seem to be conclusive. Ho direct experiments in the crossing of 
oranges to determine this point seem to have been made, though some 
are now in progress in the orange house of the Department of Agricul- 
ture. In the crosses between varieties of the orange which have been 
made by Mr. Saunders, superintendent of the Department grounds, 
and his assistants, no immediate influence has been observed. 

A cross of a lemon with pollen of an orange was made the past 
season by Mr. Henr}^ Pfister, head gardener at the Executive Man- 
sion. The fruit is now (January, 1888) full size, and resembles the 
other lemons upon the same tree. 



/ 


BEPORT OF THE BOTAHIST. 



The following letters are given from among those received, at the 
Department in response to inquiries upon this subject: 

T. F. Baker, Bridgeton, F. J. : 


In Maurice River and Fairfield Townships, Cumberland County, an occasional 
bill of pumpkins has been planted among water-melons, but not fur the past thren 
yciMi'S. It increases the size very much, and also makes the rind harder, so that they 
endure handling and transportation better. Tiie universal opinion of those who 
have practiced this method is that it had invariably a barl elfect uxjon the quality, so 
that they have abandoned the x^ractice. 

'There is ample evidence the first year of mixture, and seed from sucli 
utterly worthless where good toothsome melons are desired. 

Prof. L. H. Bailey, jr., Agricultural College, Mich.: 


I have performed many c osses this year between such x>lants as would give un- 
mistakable evidence of the immediate effect of x^ollen should such effect occur. I 
crossed Hyslop crab with Duchess of Oldenburg and got no effect in any way, not 
even in season of maturity or texture, I crossed another crab with Sweet Romanite 
and obtained no immediate effect. 

By the way, I made a singular incidental experiment on these varieties. Of five 
crabs I removed four of the pistils and crossed the remaining one. From these 
crosses I got two mature apples, but they had seeds in only one cell. 

I crossed many Crookneck squashes with the White Scallop or Summer Turban. 
Tlie squashes are nearly mature, but there is no immediate effect whatever. In 
order to test the matter more fully I hybridized two x^lants which have exceedingly 
dissimilar fruits. These are Datura strarnonmm (Jamestown weed) and D. inermis. 
The former has very r)rickly pods, the latter veiy smooth ones. I have made recip- 
rocal hybridizations, but there is no immediate effect of pollen. I have never yet 
seen any immediate effect of pollen. I am very careful in making my crosses, and 
I know that I have made no mistake. I do all the work myself I use manilla baga 
on both pistillate and staminate flowers, and I leave them on the pistillate flowers 
a week after the operation is x^erformed. 

Prof. J. L. Budd, Agricultural College, Ames, Iowa: 

The most marked variation in the shape of fruit was in the crossing of the Roman 
Stem on the Pyrus coronaria. Some of the specimens were so like Roman Stem in 
shape and in the peculiar stem and basin as to be difflcult to .separate, except by 
color of skin and texture and flavor of flesh. 

But we have had a number of essential changes where we have crossed remotely 
connected varieties and species. Roman Stem on the Russian Silken Leaf ax)ple has 
given some peculiar changes of fruit. 

Next year I will report more carefully. I have never doubted the possibility of a 
change of fruits in this way since I crossed tlie Colfax strawberry twenty-five years 
ago. 

William G. Comstock, East Hartford, Conn. : 

In all my experience, and I have been a x^ractical seed-grower fifty years, I have 
never seen anv mixture in the fruit the first year from cross-fertilization, but from 
seeds of the crossed specimens planted the next year fruits have been produced in 
which the mixture has been plainly shown. I never knew a melon to partake of 
the cucumber flavor or to show any spines. The smooth-stemmed squashes, like 
the Boston Marrow and Hubbard, do not mix with the rough angular-stemmed va- 
rieties like the Crookneck, nor with the field pumpkin. 

William Darlington, in his work on American Weeds and Useful 
Plants, p. 142, says: 

AV^hen growing in the immediate vicinity of squashes the fruit of this species 
(Cucurbit a pepo, Pumpkin) is liable to be converted into a hybrid of little or no 
value. I have had a crox> of x^unq^hins totally spoiled by inadvertently planting 
squashes among them, the fruit becoming very hard and warty , unfits for the table 
and unsafe to give to cattle. 

F. S. Earle, Cobden, Ilk, writes: 

The question of the immediate influence of cross-fertilization is an important one,^ 
and I am glad you are investigating it. I think there is no question that the fruit 
of pistillate varieties of strawberries varies when fertilized by different staminate 
varieties, but I have always suspected that the more abundant pollen, and cons©- 
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quent more perfect pollination afforded by some varieties, had quite as much to do 
with the difference in the result as any true effect of the cross-fertilization. Re- 
liable experiments are badly needed on this subject, but I am-sorry to say I have 
none to report. Practical fruit-growers are always too much rushed by work that 
can not be put off to conduct experiments with the care necessary to give them sci- 
entific value. 

D, M. Ferry & Co., Detroit, Mich.: 

Concerning the effect of cross-fertilization, we would say that whatever observa- 
tions we have made have not been recorded and the attending circumstances care- 
fully enough noted to make them of any value from a scientific point of view, but 
they have been extensive enough to convince us that very often, but not uniformly 
even in the same species and variety, the pollen does affect the developing fruit. 

There is not a season but what we have experiences like this: A certain stock of 
sweet corn is divided between two or more growers. All but one of the fields grown 
from that are perfectly clear of any trace of field corn; but one corners on a field of 
field corn, and in that field, and very markedly on the side nearest the field corn, we 
'find much mixture of yellow and crossed grains. If this was a result of previous 
impregnation why should it show itself in this field and in no other ? 

Similar results have been noticed in encumbers, squashes, and water-melons; that 
is, a field near some other variety will have a greater or less number of melons 
which are clearly crossed, or '‘off type,’’ but other fields planted from the same 
bag and not near other fields would seem perfectly pure. 

Again, in 1883 and 1884 we made a large number of crosses between different 
varieties of peas, carefully emasculating the blossoms used, and had quite a num- 
ber of pods of smooth and yellow -fruited varieties which had been fertilized by 
wrinkled sorts which would have the same pod peas of the normal type and color 
and others which were distinctly and very clearly wrinkled and of a green color. 

Again, in the pickings from our crop of peas and beans which have been reported as 
grown too near other sorts we see a marked trace of the neighboring sort. We know 
it is claimed by some that peas and beans are self -fertilizing, but we have learned 
that they are not always so, to our cost. We are sorry we can not give you more 
explicit data, but have done what we could. 

E. H. Hart, Federal Point, Fla. : 

Among oranges the influence of cross-fertilization is constantly apparent. I have 
a number of trees of an imported variety of the orange called “ Long.” the fruit of 
which has always been extremely elongated. The row next to these was budded 
several years ago with a flat orange which bloomed and set fruit for the first time 
this season. The pollen of these flat oranges has modified the long oranges next to 
them to such a degree that the latter are nearly all round, and some of them flat- 
tened, a feature never before observed. 

The Navel orange is one of the most potent to leave its marks on other kinds in 
its vicinity. 

Peter Henderson, ISTew York City, N. Y. : 

We have cultivated on an acre of ground during the last tw^enty years an aver- 
age of thirty varieties of strawberries, running side by side. Among these varieties 
some were pistillate, some staminate, and some having perfect flowers, and yet 
with the most careful observation I have never observed the slightest variation in 
the fruit from such a mixture of varieties. You say that it is generally believed in 
Cucurbitacece that a cross affects the fruit the first year, I have incontrovertible 
evidence that it does not. In our trial grounds, where probably fifty different 
species and varieties of Cucurbitacece are planted, so that we can examine the types, 
the closest observation has failed to show us a single instance where the fruit has 
been changed in the slightest degree. That the seeds of kinds so planted become 
mixed we well know, but the fruit proper is certainly never changed. 

R. F. Kolb, Auburn, Ala. : 

I have been growing melons for fifteen years, and am one of the largest growers 
in the South, my average crop being over 200 acres. There is never any evidence 
of mixing in the appearance of the fruit the first season, provided the seeds planted 
are perfectly pure and true to variety. You might plant two or more varieties of 
melons near each other, and if the seeds of each are perfectly pure when planted 
you would observe no mixing the first year in the appearance of the fruit, but if 
the seeds of either variety so planted were again planted the next season you would 
find among the crop various hybrids. In other words, the mixing goes into the seed 
the first year, but does not show itself in the appearance of the fruit. 
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Prof. James Troop, Purdue University, La Fayette, Ind. : 

In regard to the immediate effect of cross-fertilization upon the fruit, I have tried 
the experiment here only on strawberries. Two years ago I tried it on several 
varieties, among them Crescent fertilized by Sharpless. I thought then that the 
sharp acid flavor of the Crescent was considerably toned down. This year my students 
tried the same thing, using Crescent for the female and Sharpless pollen, but we 
could not discover any change whatever in the flavor, size, or color. 

While at Lansing, about 1881, I crossed Northern Spy and Golden Russet apples, 
crossing both ways, but the Spys were Spys, and the Russets remained the same as 
those on the rest of the tree. 

I would hesitate to give an oj)inion either way until I have made further tests. 

Hiram Sibley & Co., Chicago, 111. (F. A. Warner): 

As far as we have learned from information from our best growers here cross- 
fertilization does not appear during the first year. 

The writer has known it in the case of corn not to appear in any marked degree 
until the second year, and with a certain knowledge that the cross was made during 
the year previous, as the planting of the seed the second year was, too distant to 
have cross-fertilization occur. 


CONCLUSION. 

Considering all the testimoii}^ given above the writer is disposed 
to think that the evidence is still insufficient to show that there is an 
observable effect of a cross upon the ovary or fruit the first year, ex- 
cept in Indian corn, in which case his own observation will not permit 
him to doubt. It seems most reasonable to suppose that ordinary 
cases of apparent cross, observed where different varieties are grown 
together, are due to admixture of a previous year. It is admitted, 
however, that there are observations which can not be explained in 
this way. The occasional variations in the appearance of apples and 
other fruits, which have been supposed to indicate an immediate in- 
fluence of pollen, have not been proved to be due to that cause. The 
argument from seedless fruits, which is sometimes made, seems in- 
conclusive, for it has not been shown that fertilization is necessary 
to their production, though in numbers of other cases it has been 
proved that without fertilization no fruit matures. Even if true 
that the ovary, or even a larger portion of the plant, may be caused 
to develop by pollen without the intervention of the ovules, it re- 
quires better evidence than is yet offered to show that an immediate 
change in its character will result from the use of pollen of a different 
variety. 


SUGGESTIONS FOR FUTURE EXPERIMENTS. 

For those who may wish to experiment further on this subject the 
following suggestions are appended: 

(1) Select varieties which you have reason to believe will readily 
cross. 

(2) Select such as by their difference in form or color will readily 
show the effect of a cross if there be one. 

(3) Use every precaution to prevent self-fertilization. To this end 
the selection, where practicable, of plants having separate sexes is 
desirable. 

(4) For the same reason cover the crossed flowers for some time 
before and after fertilization with muslin or paper sacks, and exer- 
cise great care in applying the pollen. 

(5) Mark plainly and securely the flowers experimented upon that 
there may be no mistake in the identity of the specimens when mature. 
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(6) Duplicate the experiments. The chances of failure are numer- 
ous, and there is continual danger of the loss of specimens up to the 
time of maturity. Errors of observation, and the liability of any 
observed change being due to other causes^ are also greatly lessened 
by the multiplicity of specimens. 
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SECONDARY RESULTS OF POLLINATION. 

By E. W. Claypole, Akron, Ohio. 

[The following paj)er was read before the Botanical Club of the American Asso- 
ciation for the Advancement of Science at the New York meeting, August, 1881. 
It has not heretofore been published, and has been secured for this repoiT mainly for 
its bearing on the topic of the preceding paper.] 

The functions of tlie pollen and of the ovule, respectively, in the 
production of seed are so well established by observation that there 
is no occasion to say anything in explanation. The growth of the 
pollen tube and its elongation and penetration of the conductive tis- 
sue of the style may be seen in certain flowers by any tyro of the mi- 
croscope. The passage of the fovilla, or fertilizing material, down 
the pollen tube to the micropyle, its entrance, and its union with the 
protoplastic material of the ovule, are fundamental truths in vegeta- 
ble physiology, though our faith in most cases rests rather on testL 
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mony than on observation. The subsequent changes that result from 
the union, the sudden stimulus given to cell multiplication, the 
rapid enlargement of the ovary, and the development and ripening 
of the ovules into seeds, are easily seen and are familiar to every one. 
HoAvever mysterious, this is the ordinary process of nature, and is in 
accord with the elementary principles of botany. 

But in some cases things do not happen in this ordinary way, or just 
as our text-books say they should happen, and then there comes in a 
little difficulty in explaining how the results are accomplished., 

Seeing, as we constantly do, the close connection between the fertili- 
zation of the ovule and the growth and maturation of the fruit, we 
are naturally led to the almost unconscious belief that one of these 
events is the consequence of the other, that the growth of the fruit 
is a consequence of the growth of the seed. And vhen we observe the 
countless cases in which the failure of the ovule is followed by the fall 
of the young fruit the unconscious belief becomes almost irresistible. 
A shower of rain washes away the pollen and our apple crop fails in 
consequence. The young fruit does not swell, but shrinks and falls. 
This happens so often and in so many plants that we cease to expect 
fruit where there is no seed. 

Yet there are some facts that at least tend to show that the connec- 
tion between the seed and the fruit is less close than we sometimes as- 
sume. Some of these also lead us to believe that the fertilizing in- 
fluence of the pollen is not confined to the ovule. 

As the first example of these -condary results, I will mention the 
obvious, but seldom noted, fact that the ovary can be developed and 
matured without the presence of the seed. This apparently proves 
that the swelling of the ovary is independent of the development and 
ripening of the ovule. It may be due to the direct action of the pol- 
len on the ovarian tissue, but even this does not seem in all cases to be 
necessary. 

As an illustration of this statement I will quote the Banana, which, 
as is well known, never bears any seeds at all. The fruit is solely 
the swollen and matured ovary, in which numerous abortive ovules 
may usually be seen. 

The St. Michaebs orange is another case in point. Though smaU, 
this variety is accounted the best of the many kinds cultivated in 
Europe, as it seldom contains a single pip. It has apparently been 
introduced into this country, as I have recently seen some oranges 
that were said to have come from Florida which, by the absence of 
seeds, formed a pleasant contrast to the usual seediness of the Florida 
fruit. (This variety is now grown in Florida and California.) 

Again, our common Persimmon is sometimes entirely seedless. 
Once in Pennsylvania I met with a vffiole grove of these trees in 
which a seed-bearing fruit was the exception. The garden Iladish 
also will often develop its pods without any seed. Any one, too, 
who will take the trouble to examine the fruits of the common Ma- 
ple Avill soon learn that a large proportion of them contain no seed, 
but are simply hollow shells. 

The well-known Sultana raisins sold in our stores owe the esteem 
ill which they are held to the total absence of seeds, and the high- 
bred European Malaga grape is found almost as often without seeds 
as with them. 

Less noticeable, but equally true and apposite, are the numerous 
instances, familiar to every careful observer, of cherries, plums, and 
peaches whose stones contain no kernels. All these facts abundantly 
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prove tliafc tlio development of the embryo into a seed is not abso- 
lutely necessary, at least in these plants, for the full growth of the 
ovary into a fruit. 

We may go yet further. The above-noted cases maybe explained 
by the action of the pollen, not on the ovule, but on the tissue of the 
ovary itself. It may be said that the stimulation of cell growth, 
which is usually supposed to start with the ovule, was in all cases 
felt directly by the ovary. Be this as it may, we are compelled by 
these facts to admit that the effects of pollination are not limited to 
the ovule, but extend also to the ovary, even when the ovule is absent 
or abortive. 

But the case of the apple and the pear shows a difference. Here, 
though the pips usually develoj), the effect of the pollen extends be- 
yond them. As before, it affects the ovary, but does not stop there. 
The calyx is involved, and, according to the vie^vs of some, the flower- 
stalks also. The effects of the pollen are therefore in this fruit felt 
by the ovule, the ovary, the calyx, and possibly by the flower-stalk. 

What is true of the apple is also true of the pear, the quince, the 
medlar, the hawthorne, and many other plants of the Bose family. 
Their fruit is constructed on the same pattern, and the action of the 
pollen in all such cases must therefore be equally extensive. 

But we may go even beyond this. W e have all seen apples that 
contained no pips and yet were fully grown and showed all the 
characters of the variety. In these cases, as in those of the seedless 
orange, the banana, etc., the fertilizing effect of the pollen must 
have been directly exerted on the ovary without the intervention of 
the ovule. 

A similar case is presented by a mulberry tree belonging to a 
friend of the writer. It is of the pistillate kind and is annually 
laden with fine fruit, though no stamin ate tree grows in the neigh- 
borhood and no staminate flowers can be found on the tree itself. 
Examination of the fruit also shows that the seeming seeds are 
merely shells without embryos. To assume that no pollen was con- 
cerned in the production of this fruit would be going too far, but it 
does seem the influence of the jDollen, if present, must have been ex- 
erted directly on the ovary without the assistance of the ovule. 

Further still, we now and then find an apple or a pear which con- 
tains no pip, but also nd core, so that the very ovary itself is lack- 
ing. Yet such apples often grow to the usual size and if not always 
well flavored are nevertheless true fruits. This is usually the case 
when the tree has flowered out of season. A horticultural friend of 
mine has informed me that in the year 1832, when he was a boy, a 
late frost killed the apples, and that in the fall out of a peck or so of 
wretched fruit, which was all that the orchard produced, not a single 
one had a pip or a core. 

The following extract from a letter published in hfature on ISTovem- 
ber 4, 1886, bears on the same point. In it Dr. Maxwell Masters, 
the editor of the Gardener’s Chronicle, says: 

The second crop of blossoms in pear trees is usualiy produced on shoots of the 
same year and they are often imperfect. The Napoleon produces some every year. 
Every year, too, I receive from the Trinity Botanical Garden, at Dublin, Bishop’s 
Thumb pears on the summer shoots. They are more like fingers than ‘ ‘thumbs ” and 
have no core. The fruit is eatable, but the carpels are absent. 

We have here, apparently, a case of the direct action of the pollen 
on the calyx of the flower, perhaps through the medium of a rudi- 
mentary stigma and ovary, which were afterwards atrophied. 


Plate I. 



Euchl/ena luxurians (Teosinte). 

1. Male flowers. 2. Female flowers inclosed in sheath. 3. Seeds, 
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Plate III. 
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Opunt Engelmanni. 



Plate IV 
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Onobrychis sativa (Sainfoin, Esparset). 

1, 2, 3 4 Parts of the flower. 5. The pod. 6, 7. The seed 
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Plate IX. 



Chondrilla juncea. 

Root-leaves and top of the stem. 
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Amarantus hybridus (Pig-weed). 

3, Female flower, 4, 5. Ovary and seed, magnified. 


2. Male flower. 
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In not a few frnits, so-called, the action of the pollen goes, seem" 
ingly, farther still. In the Strawberry is involved the receptacle, 
and the same is true to a less degree of the Blackberry and the Rasp- 
berry. The calyx grows with the growth of the seeci in the Hnzel- 
nnt, the Chestnnt, the Hickories, and the Walnuts ; also, in the lit- 
tle Partridge-berry, the Blue-berry, and the Huckleberry. The head 
of the flowering stem swells and sweetens and becomes the chief part 
of the Fig, and the bracts that inclose the flower and seeds com- 
pose the so-called fruit of the Pine-apple. 

Where, then, shall we limit the action of the fertilizing element of 
the pollen ? I am inclined to believe that it really has no limit, but 
that it is capable of extending through the whole plant. 

Two facts in suj)port of this opinion must here suffice. Most gar- 
deners know that Pansies can not be well kept true to color when 
grown together in a bed for years in succession. Not only the seed- 
lings, as might be expected, but the parent roots are apparently 
influenced by receiving each other’s pollen and their colors thereby 
changed. The same is true of some other garden flowers. A friend 
of mine, who is largely engaged in growing the Gladiolus, has told 
me that for years he grew the ''Shakespeare,” a white variety, by 
itself, and year after year it remained true to color. But when for 
some reason he planted it one year near red varieties, the next year 
the same bulbs threw up stems that produced flowers that were 
partially red. Nor while they grew together could he again obtain 
perfectly white flowers. 

These and other examples that might have been mentioned 
strongly indicate change in the parent plant, more extensive than 
those involved in the mere production of seed, or even of seed and 
fruit. They suggest a constitutional modification of varying and 
sometimes of wide range, involving other organs than those directly 
concerned in fructification, and enduring for years after the imme- 
diate cause has ceased to act. It seems far from improbable that a 
single act of fertilization may, in some cases, so change the nature 
of the parent plant that it may not again, throughout its whole life, 
be what it had previously been. Some of the occult variations that 
occur among plants may have their cause in the potent influence of 
pollen on the constitution of the parent. 

The other kingdom of animated nature supplies facts that lend 
strong support to the view above stated. Without going into detail, 
it will suffice to say that the influence of the male animal is often 
permanent, and that young, subsequently produced, will show traces 
of it. 

The influence of a quagga on a mare has been known to reveal it- 
self years afterward by the production of a colt showing in several 
places the stripes of his stepfather. Darwin has collected several 
such cases, and many more might, without doubt, be brought to- 
gether by a little investigation among men engaged in the breeding 
of animals. The subject, however, especially with regard to plants, 
has not received the attention which its importance deserves, 
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,SiR: I have the honor to present herewith my first annual report 
as c'hiet of the Section of Vegetable Pathology, being the second re- 
port of the section of the Botanical DiAdsion devoted to the investi- 
gation of the fungus diseases of plants. 

The constantly increasing correspondence has occupied much time 
and has been an important means of diffusing knowledge relative 
to plant diseases and the relations of our fungus pests to agriculture. 

The collections of material illustrating the families of fungi have 
been considerably increased during the year and the specimens ha\^e 
been properly arranged for ready reference. There are now in the 
collection 5,572 sheets, standard herbarium size, on Avhich are 
mounted 0,300 labeled specimens, in r3,000 pockets of uniform size, 
3|- inches; there are an equal number of specimens, largely 
duplicates of those mounted, arranged in order by host, constituting 
what Ave term the economic collection. 

Permanent mounts of microscopical preparations, to the number 
of about 500, have been made of material under investigation during 
the year. The series of slides illustrating the downy mildew, the 
grape-rot producing fungi, and the smuts and rusts of grains and 
grasses are particularly full. Thanks are due to Mr. W. W. Calkins 
for a large and well-prepared collection of Florida fungi, and to. 
Prof. S. M. Tracy for a particularly interesting collection of Western 
species. A collection of European fungi of the vine has been pre- 
sented by Prof. P. Viala. This is particularly valuable as illustrat- 
ing the species described in Professor Viala^s work, '' Les Maladies de 
la Vigne.’’ 

Many valuable specimens haAu^ been acquired through correspond- 
ents who have submitted them for examination, affording valuable 
material for future investigations. 


I. — 770TES ON THE DISEASES OF THE VINE. 


The study of the fungus diseases of the Aune has been continued, 
jiarticular attention being given to the subject of the treatment of 
mildew and black-rot. A detailed account of the work of the Section 
in this direction has been published in a special bulletin. 

Throughout the Atlantic and Southern States tire season of growth 
was generally Avet and the weather such as to promote the develop- 
ment of fungi. From western ISew York through Ohio, Indiana, 
Micliigan, Wisconsin, Illinois, and Missouri a long-continued drought 
pre vailed, preA^enting the deA'elopinent of destructive plant parasites, 
and from this section there have been very few complaints of the 
ravages of fungi. 
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The downy mildew,, black-rot, and antliracnose were especially 
prevalent, the two first na,med causing serious injury to the vines or 
great losses in the crops in blew Jersey, Maryland, Virginia, North 
Carolina, and in the States south and west from the latter point. 
In California tiie ravages occasioned by oidium and downy mildeAV 
have been slight, and it has been discovered that the latter disease 
is at present limited to a few restricted areas in that State. 'There 
is no evidence that tlie black-rot, so destructive in Eastern vineyards, 
has yet appeared on the Pacufic slope. 

Poiirridie or grape root-rot has been discovered at several points — 
Missouri, Texas, and Calirornia — and its range will doubtless be ex- 
tended by further observation. 

As a- result of held investigations two new forms of grape-rot have 
been discovered-^bitter-rot and white-rot. ^ The former is the most 
widely distributed, having been observed in the States in the lEast and 
as far west as Texas. The latter has been seen only in the extreme 
southwestern part of Missouri and adjacent parts of ‘Indian Terri- 
tory. 

A. — Bitter -rot of grapes A 

Although this disease appears to have been known to our viticult- 
urists for several years, its cause was only recently determined. In 
company with Professor Viala, of the National School of Agriculture 
of Montpellier, France, I observed the disease for the hrst time in the 
vineyard of Hon. Wharton J. Green, at Fayetteville, N. C. From 
the studies there made, and from subsequent laboratory investiga- 
tions, the characters of the parasite causing the malady were deter- 
mined and were made the subject of a communication to the French 
Academy of Sciences. 

It appears that the fungus is both saprophytic and parasitic in Its 
habits and occasions very considerable destruction of the fruit, es- 
pecially of certain white varieties, the Martha for example. 

That which especially characterizes this disease in distinction from 
the black-rot is that it begins its ravages at the time when the berries 
commence to ripen, and continues until their perfect maturity. Ex - 
cessive humidity is even more essential to its development than to 
that of the Physalospora. The importance of this malady is evident, 
for, under favoring conditions, it may destroy the fruit that has es- 
caped the ravages of black-rot. The" fungus attacks the sTioots, the 
common peduncle of the bunches and its ramifications, but it is upon 
the berries that its action is most conspicuous. A rosy discoloration, 
brighter on varieties with Avhite fruits th an on dark colored sorts, is 
the first manifestation of the disease. This discoloration extends 
rapidly by concentric zones until the wdiole berry is involved, tlie 
berries, however, retaining their original contour, or only appearing 
to be slightly waited, and becoming even more juicy than is normal. 
Soon numerous small, slightly elevated points appear over the surface, 
and in two or tlireo days these little elevations, which are the points 
where the fungus is maturing its fruit, have completed their devel- 
opment. The berry then becomes shriveled, as in the case of black- 
rot, but in a different fashion. The berry remains clear brown or 
deep purple in color, never becoming so black as in black -rot, and 

“Accounts of this disease have been published in Coni]:)te3 Rendus, Sept, 12, 1887; 
A?,Ticultural Science, vol. I, p. 210; Cobciaii s Kural World, Oct. 13, 1887; Proceed- 
ings New Jersey Horticultural Society for 1887, n. 114, 
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th.G pustulGS wliicli stud tlie surfacG arG less nuiuGrous and Igss con- 
VGX. In advanced stages tlie berries lose their hold upon the pedi- 
cels and fall to the ground at the slightest jar. Those destroyed by 
black-rot usually remain strongly adherent and generally fall with 
their pedicels attached. 



Fig. 1. Illustrates a highly magnified vertical section through one of the 
fruiting pustules of the fungus of Bitter-rot. A compact growth of 
spore-hearing hyphae has burst through the epidermis, c, c. Below 
is the browned and dead tissue of the berry, cZ, d, growing through 
which are the mycelial threads of the fungus. 





Fig. 2. Spores of Bitter- 
rot, B, and White-rot, 

W. 


Tho mycGlium of the f ungus of bitter-rot penetrates the tissues of 
the berries, even entering the seeds, for upon the latter it is not un- 
common to find the fruit of the parasite. 

The spores produced are very minute, ovoid or nayicular-form, and 
have rather thick walls. They germinate quickly when sown in 
aerated juice of grapes diluted with v^ater. 

Bitter-rot is most to lie feared wdien frequent rains occur during 
the ripening period, but, like other fungus diseases of this class, it is 
sure to be most severe in poorly drained soils and on vines previously 
weakened by mildevf. 


B. — White-rot. 

This disease appears to be of American origin, although the fungus 
causing it was first recognizejl in Italy, in 1878. In 188G it was dis- 
covered in France, and during the past season (1887) has become 
widely spread, in the latter country, occasioning no little alarm. 
Frequent accounts of it have been published in Frencli and Italian 
journals, the most complete and best illustrated being that given by 

Dr. F. Cavara,^ ^ ^ x x, g -m. 

Since its discovery in this country, in c^^eptember ot the preseii- 

year it has been described by the writer in ColmaiTs Rural World, 
October 27, 1887; and in the proceedings of the Rew Jersey Horti- 
cultural Society for 1887, p. 139. 

* Intorno al Disseccamento del GrappoU della Vite. Instituto Botanico della E, 
Universita di Pavia, 1888, p. 11, PL IV^. 
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The mycelium of the f ungms ( Coniothyrium diplodiella) is found 
to be abundant in the pulp of the berries attacked, and it sometimes 
fruits upon the surface of the seeds. Generally, the fungus first 
attacks the common peduncle or branches of the cluster and, by in- 
terrupting the circulation of the nourishing fluids, causes the ber- 
ries to wither and dry up. In such cases the berries may or may not 
be directly attacked. Infection of the peduncle or pedicels with 
germinating spores is easily effected, but attempts to infect tlie ber- 
ries have so far failed. 



Fig. 3. A vertical section through one of the fruiting pustules — pycnidia — of the fungus of White-rot. 
c c, cuticle of the berry that has been broken through by the development of the fungus, d d, 
browned and dry tissue of the berry. The simple spores are borne on slender stalks arising from a 
layer of very delicate tissue at the bottom of the pycnidium. 


Like the black-rot fungus, this produces minute piycnidia or spore 
conc^ptacles, which appear at the moment when the lierrie-' . com- 
mence to ripen. These lie just beneath the cuticle, through which 
they finally burst, first appearing as shining, rosy points., then . white, 
and finally brown. When fully developed, the pycnidia are sur- 
rounded by a thin membrane of a rather dark brown color. The 
ovoid spores are borne upon slender stalks or basidia, either simple or 
branched, which spring from a layer of very delicate tissue occupy- 
ing the lower part of the pycnidium. They are at first colorless, but 
eventually assume a brown tint. At a temperature of 05'" they germ- 
inate readily in water, pushing out germ-tubes from any jiart of 
their surface. 

1^0 remedy is known for white-rot, but it has been observed here, 
and very generally in France, that where the vineyards have been 
treated with eau celeste or the Bordeaux mixture the disease was far 
less prevalent than in similarly located vineyards not treated. 

(7. — Grape-leaf spot disease and hlack-rot. 

In Bulletin 2 of the Botanical Division, page 40, Grape-leaf spot 
disease was treated as distinct from black-rot, for the writer at that 
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time was not convinced of tlieir identity, altliongli the close similar- 
ity of the pycnidial spores of P iiyUosticia labruscce with those of 
Phoma uvicola was, of course, ohserved. 

Special ^^ttention has been directed to this subject during the past 
summer, and, as tlie result of extended field observations, I have been 
forced to conclude that the grape-leaf spot fungus and the fungus of 
black-rot of grapes is one and the same. In France the Phyllosticta 
lahruscm has been observed only in those vineyards affected with 
black-rot, and the same holds true for the United States. Wherever 
the PhyUosticia occurs it is in regions where black-rot prevails. In 
California, where the latter disease has not yet apj)eared, no signs of 
the fungus upon the leaves of the vines was discoA^^ered. 

The brown spots uj)on the loaves figured and described in my re- 
port on the Fungus Diseases of the Vine'* must, then, be regarded as 
simply the manifestation of the black-rot cai the foliage. 

The fact of the identity of the leaf form Avith that occurring upon 
the berries is especially important in connection with the question of 
treatment, for black-rot, like the doAviiy mildeAV, must l3e treated 
preventively. As a rule, the black-rot fungus first attacks the leaves 
some days and often a Aveek or tAvo before the berries are affected. 
It may sometimes be observed on flie foliage even before the vines 
have bloomed. 

By watching .the foliage the Auneyardist may be warned of the 
presence of this dreaded parasite in good season, and tipon the first 
signs ‘of its manifestations upon the leaves he ought to begin the ap- 
plication of remedies or preveptives in order to j)rotect the fruit. 
Evidence is accumulating that the sulphate of copper compounds 
possess some value in checking this disease. W e have been assured 
by some experimenters that there Avas a A^ery decided improvement 
in respect to black-rot in vineyards treated Avith these preparations 
compared with tkose not treated. In France, also, similar results 
have been reported. M. Prillieux, in a communication addressed to 
the French minister of agriculture, says : 

It seems that treatments witli tlie salts of copper wiH very economically replace 
the difficult and costly method of collecting and destroying the leaves affected by 
black-rot. M. Frechou has been assured by his 'laboratory experiments, (tarried 
on at Nerac, the results of v^hich will finally be made public, that the slightest 
trace of sulphate of copper is sufficient to render impossible the germination of the 
spores of Phoma uvicola as well as those of Pcrononpora. and on the other side, the 
slight injury caused by black-rot in the valley of Herault upon vines treated by eau 
celeste or Bordeaux mixture for the dowiiA" mildew ought to afford some hopes of 
success in preventing the appearance of black-rot upon the berries and its disas- 
trous consequences, by destroying it at its first appearance upon the leaves by means 
of the same remedies, the efficacy of which is recognized for combating tlie downy 
mildew. It is possible therefore, without increase of labor, to protect the vines from 
both diseases by the same treatment. 

The hopes that by a proper use of sulphate of copper compounds 
we may find a successful treatment for black-rot certainly j iistify 
further careful experiments in their use. 

*BulL 2, Bot. Division, p. 40, Plate VII, hgs. c, d, e. 
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II. — Notes upon the treatment of vine diseases. 

The preparations considered most likely to prove valuable as Rem- 
edies in the treatment of mildew and black -rot were published last 
spring (1887) in the following circular form: 

[Section of Vegetable Pathology.— Circular No. 3.] 

Treatment of the doivny mildew and hlack-^rot of the grape. 

To the vineyardists of the country} 

Last year a circular was sent out by this Department recommending for trial cer- 
tain remedies for the mildew and rot of the grape. 

The results of experiments in 1886 have fully demonstrated the value of sulphate 
of copper (‘‘ blue-stone ”) over all other remedies in combating the mildew, and the 
results of many chemical analyses of the fruit and jj^rts of vines treated with the 
copper compounds have clearly shown that there is no danger to health attending 
their application. The only precaution advised is not to apply them near (within 
fifteen days of) the vintage. 

In their employment the fact must be kept in mind that their action is only pre- 
ventive, therefore their application should be made early in the season, from the 
latter part of May to the end of June. Subsequent applications act only in so far 
as tbey serve to check the spread of the disease. The amount of the fluid com- 
pounds required to treat an acre of vines will depend largely upon the kmd of pump 
and ’spraying nozzle used to apply them, and upon the extent of growth of the 
vines themselves; the amount may vary from .20 to 35 gallons. 

The following are the formula3 of the remedies which so far have given the best 
results. An account of the results of trials you may make with one or more of 
them is earnestly desired, and a blank form for making up a report for the use of 
the Department in future publications will be sent you upon the receipt of the ad- 
dressed postal card inclosed herewith. 

LIQUID REMEDIES. 

(1) Simple solution of sulphate of copper. — Dissolve 1 pound of pure 'sulphate of 
copper in 25 gallons of water. Spray the vines with a convenient force-pump hav- 
ing a nozzle of fine aperture. Less lasting in its effect than the next, as if is easily 
washed off by rains. 

(2) Eau celeste, blue water (the “Audoynaud process”). — Dissolve 1 pound of sul- 
phate of copper in 3 or 4 gallons of warm water; when completely dissolved and the 
water has cooled, add 1 pint of commercial ammonia; then dilute to 22 gallons. 
The concentrated liquid should be kept in a keg or some wooden vessel and diluted 
when required for use. Apply the same as in the case of simple solutions. 

The effects obtained by this preparation have been equal to those resulting from 
the use of the copper mixture of Gironde, and are said to be even more lasting. 

(3) Copper mixture of Gironde, Bordeaux mixture. — Dissolve 16 poumis of sulphate 
of copper in 22 gallons of water; in another vessel slake 30 pounds of lime in 6 gal- 
lons of water. "When the latter mixture has cooled, it is slowly poured into the 
copper solution, care being taken to mix the fluids thoroughly by constant stirring. 
It is well to have this compound prepared some days before it is required for use. 
It should be well stirred before applying. Some have reduced the ingredients to 2 
pounds of sulphate of copper and 2 pounds of lime to 22 gallons of water, and have 
obtained good results. 

Well made pumps with specially constructed nozzles are required for the applica- 
tion of this compound, unless we resort to the tedious and wasteful method of using 
brooms or wisps made of slender twigs, which are dipped into the compound and 
then switched right and left so as to spray the foliage, as directed in our circular 
of last season. The Vermorel apparatus, including reservoir, pump, and spraying 
nozzle, ‘is well adapted for vineyard use, and is specially constructed for applying 
the various liquid preparations containing sulphate of copper. 

POWDERS. 

(4) David’s poirder. — Dissolve 4 pounds of sulphate of copper in the least possible 
amount of hot water, and slake 16 pounds of lime with the smallest quantity of 
water required. When the copper solution and the slaked lime are completely 
cooled, mix them together thoroughly; let the compound dry in the sun; crush and 
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sift. Apply with a sulphuring bellows furnished with an outside receptacle for the 
powder. The copper coming in contact with the leather will soon destroy it. 

(5) SulpJiattne . — Mix 2| pounds of anhydrous sulphate of copper with 15 pounds 
of triturated sulphur and 10 pounds of air-slaked lime. Apply in the same manner 
as No. 4. 

Both these powders (Nos. 4 and 5) ought to be procured from the manufacturer, 
prepared ready for use. 

[Note. — It is very probable that Nos. 2, 3, 4, and 5 will be found equally service- 
able in preventing potato “ blight ” and “ rot.” No, 5 should be employed when one 
has to contend with both the downy and powdery mildews. For apple scab we 
suggest trials with Nos. 2 and 3.] 

The degree of success attending the use of these compounds will depend more or 
less (1) upon their careful preparation, (2) the time of the application, (3) the more 
or less intelligent manner in which they aj:e applied, (4) the atmospheric conditions 
existing at the time or which may follow the applications, (5) the number of treat- 
ments made, and (6) the purity of the copper used. 

In all cases where these remedies are tried a number of plants or vines should be 
left untreated to serve as “control experiments,” for comparison with those treated. 

Prices of materials (subject, of course, to variations):* 


Sulphate of copper, pure: 

In quantity, by the barrel. 

At retail 

Anhydrous sulphate of copper 
Flowers of sulphur: 

Wholesale 

Retail 

Ammonia: 

Wholesale 

Retail 

Lirtie 

Sulphatine, in quantity 


Washington, D. C., April, 1887. 


per pound. . $0. 05 to $0. 06 


do,... .10 

do .28 

do. ... . 02^ 

do 05 to .06 

do 05 to .06 

do. ... .10 

per barrel (200 lbs.). . 1. 05 

per pound.. .05 to .06 


Norman J. Colman, 
Commissioner of Agriculture, 


The request that those trying any of the proposed remedies should 
report to the Department the character of the experiments made 
and the results obtained, met with generous response, nearly 200 re- 
ports being received. The substance of these reports will appear in 
the bulletin above referred to. A considerable diversity exists in 
the results obtained, which, for the most part, maybe accounted for 
by the diversity in the manner of making the applications and 
especially by the varying climatic conditions in the different regions 
where the trials were made. In the hands of many the simple solu- 
tion, eau celeste and the Bordeaux mixtu^re gave excellent results for 
mildew, and quite a number claimed that one or the other of these 
preparations served to check the black-rot. 

In almost all cases where these remedies were tried one or both of 
the diseases (black-rot and downy mildew) had already appeared at 
the time of the first applications. Understemding as we now do, the 
habits of the fungi causing these maladies, we know that our only 
hope is in the employment of preventive measures. If the sulphate 
of copper compounds are employed they must be used in season to 


■^Philadelphia quotations February, 1888: Flowers of sulphur, in barrels, 3 cents 
per pound; retail, 4 cents per pound. Powdered sulphur, in barrels, 3 cents per 
pound; retail, 4 cents per pound. Liver of sulphur, wholesale, 184 cents per pound; 
retail, 25 cents per pound. Carbonate of soda, by the cask, 2 cents per pound; 
retail, 4 cents per pound. Carbonate of copper, 624 cents per pound. Sulphate of 
copper, pure in crystals, 7 cents per pound. Sulphate of copper, anhydrous, 45 
cents per pound. Liquid ammonia, in carboys, 74 cents per pound; retail, 25 cents 
per pound. David’s powder, per barrel (200 pounds), $12.50; 10 cents per pound. 
Sulphatine, per barrel (200 pounds), $16; 20 cents per pound. 
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act as preventives. We nrnst cover the foliage and other parts of 
the vine subject to attack with a preparation which, upon drying, 
will adhere for a considerable time and prevent the germination of 
the fungus s]3ores which may fall upon these parts. It is probable, 
also, that the nature of the cuticle may be so modified by the prep- 
arations used as to prevent the |)cnetration of the germ, tubes to 
the tissues within. In either case we must forestall the attacks by 
early apjfiications, and to protect the later growths of shoots .and 
foliage the applications must be several times repeated. I,n an ordi- 
nary season three applications will insure freedom from the mildew, 
but if the season prove a wet one a larger number maybe necessary. 

The methods and manner of making the applications are impor- 
tant considerations. A good apparatus for applying the liquids and 
powders is half the battle. When one has a vineyard of consider- 
able size it is necessary to have spraying pumps or bellows which can 
be operated easily and quickly. The best form of sprayer for vine- 
yard use is the portable arrangement designed for carrying on the 
back, knapsack fashion, having the reservoir and force-pump com- 
bined. Such an apparatus has recently been designed by Mr. Adam 
Weaber, of New Jersey. In form this resembles the Vigoroux 
sprayer, or the ‘^rEclare’^ of Vermorel, of French manufacture, 
but the pump is constructed on different principles. With the bet- 
ter appliances of this class one man can easily spray from, three to 
five acres of vines per day. 

The spraying should be done thoroughly; that is, all the parts 
ought to be covered with the application, but care should be used 
not to drench the plants or vines. An excessive application is not 
only wasteful but liable to result in injury to the objects treated. 

The amount of material used per acre will deiiend upon the sea- 
son, extent of foliage growth, and the apparatus employed in apply- 
ing it. In general, we would recommend for the liquids 25 gallons 
for the first, 35 for the second, and 45 for the third application. 

The nozzle used should give a fine, mist like spray, or rather a cloud 
of vapor, which will envelop the plants, wetting them completely, 
but not so abundantly as to cause the liquids to drip from the leaves 
and shoots. Both the eddy chamber or cyclone nozzle, and Nixon’s 
climax nozzle will yield a spray of the desired character. The latter 
is only suitable for clear liquids ; when such compounds as the Bor- 
deaux mixture are used, a nozzle with a degorger qr device for clear- 
ing, like the Vermorel nozzle, is necessary. Improvements in our 
fungicidal appliances are greatly needed, and may be confidently 
looked for at no distant day. 

As with liquids, so with x^owders, they should be distributed finely 
and evenly, their presence on the leaves, etc., after application being 
just perceptible. An excess of such x)owders as sulphatine (which is 
one of the best when properly applied) is very likely to injure the 
plants, particularly under a hot sunshine. Bellows furnished with 
outside receptacles for the powders are necessary, as the corrosive 
action of the x^owder will very soon destroy the leather rf placed in 
contact. 

As to the amount of povv^der to be used per acre, we would say for 
the first treatment 35 pounds, 45 or 50 pounds for the second, and 60 
pounds for the third. 

In respect to the remedies enumerated in the above circular, the 
use of the simx^le solution has in many instances resulted in injury to 
the foliage. As it is not advisable to reduce the percentage of sul- 
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pliate of copper in the solution by the addition of more water, the 
simple solutioiis had best be discarded in treatments during the grow- 
ing season. 

Ean celeste also has, in the hands of some, injured the foliage ma- 
terially, and a modification of tiie original formula is suggested in 
order to overcome this danger. In 2 gallons of hot water dissolve 1 
poiiral sulphate of copper, in another vessel dissolve 2 pounds of ordi- 
nary carbonate of soda; mix the two solutions, and when all reaction 
has ceased add IJ- pints of liquid ammonia; when desired for use, 
dilute to 22 gallons^" 

It is stated f that all danger of injury to the foliage from the first 
applications, made while the shoots are yet young and tender, may 
be entirely overcome by prei^aring the eau celeste for the first treat- 
ment in the following mamner : Dissolve 1 pound sulphate of copper 
in a gallon of hot water, to this solution add liquid ammonia, a little 
at a time, until all the copper is precipitated ; the liquid is t hen tur- 
bid and blue in color. Add two or three gallons of water and let 
stand to settle. Then pour off the clear liquid which contains sul- 
phate of ammonia — the compound which causes the burning of the 
leaves. Then pour upon the precipitate left in the vessel just enough 
liquid ammonia to dissolve it. The result is a clear liquid of a beau- 
tiful deep blue color. When required for use dilute to 22 gallons. 

Eau celeste jjrepared in the ordinary manner may be used without 
fear after the vines are in full foliage. 

Considerable latitude is allowed in quantity of lime and copper sul- 
phate in the Bordeaux mixture, but the amount of the latter ought 
not to fall below 4 per cent. The niost recently recommended form- 
ula for preparation of this com pound is 4 pounds of sulphate of copper, 
2 pounds lime, 25 gallons water.}; This reduces very much the cost 
of material, and the labor in applying is far less than when pre- 
pared according to the original formula, but some have found it to 
be inefficient. 


III. — Potato blight and rot. 

The value of o>au celeste and the Bordeaux mixture in treating po- 
tato blight and rot (caused by Pkyioplilhora mfestans) has been fre- 
quently stated in Prance, and the very great need of discovering 
effective means for checking these diseases in this country was the 
occasion for preparing the following circular, which the Commis- 
sioner ordered to be printed and distributed : 


[Section of Vegetable Pathology.— Circular No. 4.] 

TveatmGnt of the 2)otato and tomato for the blight and rot. 

Sir : In Circular No. 3 of this section, addressed to the vineyardists of the country, 
it was suggested that some of the preparations therein described might be I’ound use- 
ful in preventing potato “ blight” and rot,” this suggestion being made upon the 
knowledge of the fact that the fungus whicli causes the mildew of the vine is very 
similar in character to that which produces the diseases named above. The pub- 
lished evidence of experiments made in France, in 1886, in the treatment of pota- 
toes and tomatoes for “ blight” and “ rot ” with the Bordeaux mixture, gives addi- 
tional weight to this subject and renders it highly probable that by the application 

* Formula of M. Masson, Progres Agricole, July, 1887. 

f ^‘Progres Agricole et Viticole,” April 29, 1888. 

} Viala and Ferrouillat,; “Manuel pratique pour le Traitement des Maladies de la 
Vigne,” 2d ed., Man, 1888, p, 27. 
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of preparations containing sulphate of copper we will be able to prevent, or at least 
to greatly diminish, the ravages of one of the worst enemies of the American farmer. 

Directions for the preparation and application of the remedies thought most likely 
to prove successful are here presented, and it is earnestly recommended that they be 
given a thorough trial in order to demonstrate their supposed value. 

LIQUIDS. 

(1) Eau celeste, blue water, (the “Audoynaud process”). — Dissolve 1 pound of 
sulphate of copper in 3 or 4 gallons of warm water; when completely dissolved and 
the water has cooled, add pints of commercial liquid ammonia, then dilute to 22 
gallons. The concentrated liquid should be kept in a keg or some wooden vessel 
and diluted when required for use. Apply in clear weather with a suitable force- 
pump having a fine spraying nozzle, which will spray the plants thoroughly but 
not drench them. Make the first application when the plants are in bloom, the 
second a week or ten days later, and if the weather be such as will favor the devel- 
opment of “ rot,” a third, and perhaps a fourth apj^lication should follow within 
about the same intervals. 

(2) Copper mixture of Gironde, Bordeaux mixture. — Dissolve 4 pounds of sulphate 
of copper in 16 gallons of water ; in another vessel slake 4 pounds of lime in 6 gal- 
lons of water. When the latter mixture has cooled, it is slowly poured into the 
copper solution, care being taken to mix the fluids thoroughly by constant stirring. 
It is well to have this compound prepared some days before it is required for use. 
(The sulphate of copper ought to be purchased in a powdered state, as it dissolves 
with difficulty in the ordinary crystalline form.) 

This liquid, slightly thickened because of the lime, may be applied with small 
brooms or wisps made of slender twigs, which are dipped into the compound and 
then switched over the plants so as to thoroughly spray the leaves. This method 
is wasteful and tedious, however, and where one has a considerable area to cover it 
would be economy to procure a spraying pump; the essential features of a good ma- 
chine are ease and rapidity of application with economy of material. 

Follow the same general directions in making the applications as are given under 
No. 1. 

POWDERS. 

(3) Sulphatine (the Esteve process). — Mix 2 pounds of anhydrous sulphate of cop- 
per with 20 pounds of flowers of sulphur and 10 pounds of air-slaked lime. 

(4) Blight powder. — Mix 3 pounds of anhydrous sulphate of copper with 97 pounds 
of flowers of sulphur. 

This amount will be sufficient for one application to 5 acres of potato ])lants. 

Powders possess the advantage over the liquid remedies of requiring less labor in 
transportation and of being more easy of application, consequently they will be 
preferred to the liquids, should they prove equally efficacious. 

For applying the powders, which ought to be done when there is no wind and 
when the leaves are wet with dew or rain, the primitive arrangement, Tnade of tin 
and constructed like a large pepper-box, or rather like an inverted funnel with fine 
wire gauze fastened over the lower end, and which, when filled with the powder, 
is held over the plants and shaken, is efficient and at the same time simple and in- 
expensive. Only enough of the powders, especially of the sulphatine, should be 
applied to be simply visible upon the leaves, as heavy doses may burn them. 

Owing to the continual motion of the leaves of potato and tomato plants, by which 
both surfaces are liable to receive the spores of the fungus, the applications ought to 
cover both sides ; this can best be accomplished by the use of a bellows with an 
extension nozzle, enabling the operator to direct the blast. 

The degree of success attending the use of these comiK)unds v/ill depend more qr 
less (1) upon their careful preparation, (2) the time of application., (3) the more or 
less intelligent manner in which they are applied, (4) the atmospheric condition ex- 
isting at the time or which may follow the applications, (5) the number of treat-, 
ments made, and (6) the purity of the lime and sulphate of copper used. 

The following observations are essentially the same as those recently published 
by the French minister of agriculture, in a circular of similar import to this. 

The experiments should be conducted in such a manner that the vines or plants 
treated and those left untreated (to serve as control experiments) may be compara- 
ble; they ought to be of the same variety, cultivated at the same time, and in all i*e- 
spects alike. The digging of the treated and untreated plants ought to be made 
simultaneously, for it has been proven that the tubers may be infected at the mo- 
ment when they are taken from the ground, and that the chances of infection are 
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much greater in tlie early morning when the air and ground are damp, than later 
in the day when there is less moisture. 

At the moment of digging, count the rotton tubers founa in the soil and also 
those which are spotted only. The weights of the crops from the treated plants 
and from those not treated should be determined, and they should be preserved 
separately during the winter, but under identical conditions, for the piu*pose of 
learning if there be any difference between them in respect to infection. 

Much may be accomplished in the prevention of potato-rot by renewal of seed, selec- 
tion of varieties, and especially by planting only in light and well drained soils; also, 
perhaps, by following certain systems of cultivation; but the evidences we have of 
the serious losses occasioned by this disease throughout the potato growing regions 
of the United States render it imperative on the part of the Government to exer- 
cise all possible efforts for its prevention, and I respectfully recommend the imme- 
diate distribution of this circular, urging those who suffer directly from the rav- 
ages of the diseases named to experiment with the remedies and report to you the 
results obtained. 

Respectfully, 


F. Lamson Scribner, 

Chief of Section, 


Hon. Norman J. Colman, 

Commissioner of Agriculture, 


We have received no reports on the nse of these remedies, and do 
not know that they have yet been tried, but we feel confident, how- 
ever, that the remedies here enumerated, when properly made and 
applied, will prove effectual in preventing the ravages of the potato 
blight and rot. 


IV.— Field observations and experiments. 

In order to gain an accurate knowledge of habits of parasitic 
fungi and the ravages they produce it is absolutely necessary to 
carry on field investigations. The Department ought not to be 
obliged to depend upon volunteer reports for a knowledge of facts 
acquired through private experiments. Such reports, especially 
when treating of matters relating to fungi, are very likely to be mis- 
leading, owing to the imperfect knowledge generally possessed re- 
garding this subject. And as to the matter of fungicides and the 
treatment of plant diseases, valuable conclusions can only be reached 
through field work carried on by some one familiar with the nature 
and habits of the fungi to be combated. 

If this work be continued in a manner at all commensurate with 
its importance, and results obtained that shall meet the approval and 
confidence of the people the Department is designed to serve, it is 
necessary that Congress provide for a station which shall be under 
the absolute control of the Department for the needed field experi- 
ments. Office work is necessary, laboratory work must be done, but 
to attain practical results, and it is the practical conclusions which 
the farmer and fruit-grower are after, it is imperative that we go 
routside of the office and laboratory, and continue our studies and ex- 
periments in the field upon living plants. A station containing not 
less than 10 acres of land, located where a large variety of grains, veg- 
etables, vines, and fruit trees and shrubs could be cultivated, is essen- 
tial to the successful prosecution of the work required from this Sec- 
tion, and the development of its full power for usefulness. Here the 
effects of the parasites upon the host can be studied, inoculations of 
healthy plants made, and experiments carried on in the treatment of 
plant diseases. A small green-house is an important adjunct to such 
a station, and the work would be further facilitated by having in the 
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same location the laboratory for the microscopical studies and finer 
cultures. 

Such a station, it is confidently expected, will be established at no 
distant day, and the results which then may be accomplished will be 
more in accord with the dignity of the position which this Depart- 
ment is designed to hold in its relations to American agriculture. 

V. — Special subjects. 


The plant diseases discussed in the following pages of this report 
have been made the subject of investigation either by myself or my 
assistants. Very little claim is made to originality, excepting, per- 
haps, in the manner of presentation ; but it is hoped that this, together 
with the accompanying illustrations, will be found valuable and 
meet vfith x^ublic approval. 

. The chapters on tlio ‘'Smut o! Indian Corn,’^ ^‘Corn Rust,’^ and 
the “ Powdery mildew of the Gf ooseberry were prepared by outside 
agents, employed for tlie purpose because of their having devoted 
particular attention to these subjects. 

I wish here to express my thanks to my assistants for their con- 
stant diligence ^and ever-ready willingness to X)erform the duties as- 
signed them, and especially to commend the valuable services ren- 
dered in the xireparation of the following pages by the assistant, Mr. 
B. T. Galloway, and by Miss Effie A. Southwortli. 


1. — Strawberry-leaf blight. 


Sphc^rella f ragarice, Saec. 

* (Plate I.) 

(a) GENERAL OBSERVATIONS. 

There are a dozen or more fungi which infest the Strawberry plant, 
but the best known, and doubtless the one more injurious than all the 
others combined, is that which causes the disease we have here named 
Strawberry-leaf Blight. It has been called the ^ ‘ sjiot disease of straw- 
berry leaves,’^* '' sun-burnd' and often strawberry rust."'f 

This disease is due to the attacks of a parasitic fungus which is 
common both in this country and in Europe. Here we have observed 
it from Maine in the East to California in the West, and complaints 
of its ravages have come to us from Florida and other sections of the 
South. It does not limit its attacks to the cultivated varieties, for 
we have frequently observed it on wild plants, and even on the com- 
mon Cinquefoil, a plant botanically related to the Strawberrv. 

The Strawberry-leaf Blight fungus was first studied with the view 
of tracing its life history by two French mycologists, the Tulasne * 
brothers, some twenty years ago. They figured and described the 
forms, determined by them under the name of Stigmatea fragarice, 
and by this name the fungus was known in Europe until 1882, when 
it was" transferred to the geims Splicer ella by Saccardo.j; The same 

■^Trelease, 2d Ann. Rept. Wis. Exper. St., 1885. 

fWe ]vdve attempted to restrict the term “rust” to those diseases caused by 
species of the family UredmecE, and spot ” diseases, to such as result from the attacks 
of parasites included in the genus Phyllosticta, etc., adopting the term “ blight” for 
those caused by sx^ecies of Pamularia, Cercospora, etc, 

ISyllog. Fung., I, 505, 
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author described the summer stage of the fungus in 1879 as Ramu- 
laria Tidasnei, and in 1883 the same form was published by Mr. 
Charles H. Peck under the name of Ramular ia fragarice. This stage 
of the fungus has been made the subject of papers by several Ameri- 
can botanists, but none have attempted to trace the development of 
the othel' forms in its life history. 

{b) EXTERNAL CHARACTERS OF THE BLIGHT. 

Very small, deeji purple or red spots appearing on the upper sur- 
face of the leaves are the first symptoms of this disease. These spots 
rapidly increase in size, and at the same time their color changes 
from purple to reddish-brown; eventually they become gray or white 
in the center, so that they finally present a gray or white central area 
surrounded by a dark purple border, shading off towards the healthy 
tissues to reddish-brown. The spots vary in diameter from one-sixth 
to nearly one-fourth of an inch, but it very frequently happens that 
several contiguous spots coalesce and form large, irregular-shaped 
blotches. The bright color which these spots impart to the leaves 
renders the latter particularly conspicuous, and this appearance is 
familiar to every strawberry gTower (Fig. a). The leaves badly af- 
fected soon turn brown, this discoloration usually beginning at their 
tips, and become shriveled and finally die. Similar spots to those 
above described sometimes apjiear on tliQ calyx and on the stems sup- 
porting the young berries or fruit. 

(c) EFFECTS AND LOSSES. 

The effect of the Strawberry-leaf Blight on the foliage of the plants, 
even in mild cases, must be detrimental to the processes of assimila- 
tion; and when the attack is severe it results in the early destruction 
and death of the plants. If the fruiting stems or leaves of the calyx 
are attacked the young berries never reach maturity, or the fruit 
becomes shriveled and unfit for use. 

The injury to strawberry culture resulting from this disease ap- 
pears to have been on the increase during the past five or six years, 
to the general alarm of the growers of this fruit. No special efforts 
have been taken to learn the actual extent to which this fruit indus- 
try has suffered from the ravages of the blight, hut enough has been 
learned to demonstrate its gravity. In some localities the Injury 
effected has been comparatively slight, while in others entire plan- 
tations have been completely destroyed. It appears that the disease 
is most severe in the States of Illinois, Michigan, Wisconsin, Minne- 
sota, Iowa, Missouri, Kansas, and Kentucky. In southern Illinois, 
where there are more strawberries grown than in any other section 
of the country, the blight is deemed one of the worst enemies with 
which the cultivator of this fruit has to contend, and the losses sus- 
tained are often very great. A Connecticut correspondent states 
that in one year he lost $1,500 on a field of 6 acres from the Straw- 
berry Blight. In Louisiana and oth^r Southern States the disease is 
less destructive. This is probably due to the fact that in this section 
the plants are renewed every year, allowing no opportunity for the 
fungus to gain a foot-hold. 

The attacks may occur at any time during the growing season 
under the proper weather conditions. Those coming early, if severe, 
injure the immediate crop, while later attacks may entirely destroy 
the prospects of a crop the year following. It is the opinion of some 
strawberry growers that the heavier the crop the more likely are the 
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plants to be attacked by blight after the fruit is gathered. The 
death of the plants before the close of the season sometimes results 
from these late attacks. 

Some varieties appear to be more subject to the disease than others^ 
but we are unable, at this time, to make any classification based on 
their degree of susceptibility. The following varieties have been 
mentioned* as among those most subject to the disease: Downing, 
Wilson, Russel's Prolific, Big Bob, Bid well. Captain Jack, Forest 
Rose, and Manchester; those notably free are Crescent, Windsor 
Chief, and Sharpless. 

(d) CONDITIONS FAVORING THE DEVELOPMENT OF STRAWBERRY-LEAF BLIGHT. 

Heat and moisture favor the development of Strawberry Blight, 
and at any time during the summer when the weather is hot and 
moist the plants are likely to be attacked. Heavy dews or rains are 
essential to infection, but the disease may continue its work of de- 
struction during dry weather; and it not infrequently happens that 
it develops in its worst form in dry, hot weather succeeding a period 
of frequent or heavy rains. The fungus causing the malady is truly 
parasitic in its habits, and, except that the conditions which may 
favor its development be inimical to the plants, the health or vitality 
of the latter does not enter into consideration. Other things being 
equal, plants, however vigorous and well cared for, are no less subject 
to the blight than those in feeble health. 

In respect to the soil, the disease is undoubtedly most severe when 
the land is heavy or wet and undrained. We have in mind an in- 
stance which will illustrate this point.. A plantation of about 5 acres 
was bordered on one side by a brook, towards which the land grad- 
ually sloped. For about 60 feet back from the brook the soil was 
marshy and wet, while the remainder of the field was fairly well- 
drained. The plants on the narrow strip of wet land were much 
more severely diseased with blight than those on the comparatively 
dry soil adjoining. The effect was like that sometimes observed 
when two varieties — the one resistant and the other susceptible to the 
disease — grow side by side. In the present instance there were a 
number of varieties planted in rows running at right angles to the 
brook, so that the greater severity of the disease on the wet land 
could not be attributed to any difference in susceptibility of varieties. 
The disease in the locality here noted appeared early in May, some 
ten days after a heavy rain-fall which was succeeded by damp, cloudy 
weather. 

A deep and thoroughly well drained soil will supply sufficient 
moisture to keep the strawberry plants in good condition, but not 
enough to favor excessive development of the blight. 

(e) BOTANICAL CHARACTERS. 

The fungus causing the Starwberry-leaf Blight, although of micro- 
scopic size, is a plant like the strawberry itself, and consists of a vege- 
tative and a reproductive system; the former is the mycelium or plant 
body of the parasite; the latter comprises the spores or reproductive 
bodies and the organs supporting or containing them. 

The mycelium , — The vegetative part of the fungus is made up of 
slend-er, thread-like tubes which grow between and sometimes into 
the cells of the host. These threads are colorless (sometimes tinted 


* Trelease in Second Ann. Rept. Wise. Agr. Exp. Station, p. 48. 
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brown)^ flexiiose, often anastosmosing, septate, and varying in diame- 
ter from 1/^. 5 to 3 (l/^=- 25 o o~o inch). It is throngh the action of 

these mycelial threads on the cell contents of the host that the exter- 
nal characters of the disease, already noted, are produced. 

Reproductive system . — The reproductive system of Sphcerella fra- 
garicB is qnite complex, and although it has been studied very care- 
fully it is not yet fully understood. From our examinations of the 
material at our disposal we have been able to determine three spore 
forms and possibly a fourth; the three of which we feel sure are coni- 
dia, spermatia, and ascospores. We are yet doubtful in regard to the 
pycnidia. 

Conidia (Figs, h and c). — The best known and doubtless the most 
important reproductive bodies, economically considered, are the con- 
idia. After the mycelium has grown for a time within the leaves and 
the light-colored central areas of the spots appear, the threads occu- 
pying this portion become massed together at frequent points just 
beneath the cuticle of either surface, and from these masses numer- 
ous short, colorless branches are sent out either through the stomata or 
ruptured cuticle, and it is upon their free ends that the earlier de- 
velopment of conidia takes place. The length of the branches varies a 
good deal, but usually ranges between 30 y and 50yu; they are sometimes 
composed of a simple elongated cell, but often they are divided by 
transverse septa into two to several cells. At a later period in the 
development of the fungus, conidia-bearing branches may arise from 
the perithecia, described below. 

On the free ends of the branches the young conidia are developed, 
first as minute globose bodies, but, rapidly elongating, they soon ap- 
pear as illustrated in Plate I, Fig. 6. Sometimes a succession of spores, 
held together in a single series or chain by their contiguous ends, are 
formed upon a single stalk, and sometimes, though very rarely, two 
such series are developed from the apex of a common support. The 
free apex of the terminal conidium, whether it stands alone or forms 
one of a series, is obtuse and rounded; the other end and* the ex- 
tremities of those standing intermediate in a series are flattened at 
the points of attachment. Their length is from 20/4 to 50/4, and they 
have a diameter of from 2.5/4 to 4//. Often only one-celled, they are 
frequently divided by transverse septa into two or three cells. They 
are colorless, like the stalks which support them, and are filled with a 
transparent, slightly granular fluid. The formation of these con- 
idia continues throughout the summer, under favoring conditions of 
moisture and heat, and as they are exceedingly light and germinate 
readily in water, the rapid spread of the fungus and consequent dis- 
ease over a plantation or section of country is easily understood. This 
stage of the fungus has been named Ramidaria fragarice by Charles 
IT. Peck, and Ramularia Tulasnei by Saccardo. 

At the approach of cold Aveather the formation of the conidia ceases, 
but the mycelium of the fungus remains alive in the tissues of the 
leaves, and in early spring a few Avarm days are sufficient to bring 
forth a neAA^ crop ready to spread infection at the first opportunity. 

When the conidia are sown in water at a temperature of about 60° 
F., they will in a feAY hours send out slender germ tubes, which in- 
increase rapidly in length by continued apical growth. In forty-eight 
hours the genii tubes attain a length of many times that of the con- 
idiuni froin AAdiich they start, and are usually several times branched. 
Water is necessary to effect germination. 

AG 87 22 
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If, after a prolonged rain, a drop of water from a diseased leaf, or 
from* an apparently healthy one growing close by, is examined with 
a good microscope, large numbers of conidia in various stages of ger- 
mination will usually be seen. It is during such periods that the 
healthy leaves are infected; the germ tubes enter the leaf (either by 
directly penetrating the cuticle or through the breathing pores”);, 
and once within the tissue they may continue to grow independent 
of external circumstances. 

Conidia sown on healthy leaves of pot-grown strawberry plants, 
which for three days following were kept constantly wet, produced 
the characteristic purple spots in about eighteen days. Similar sow- 
ings on leaves kept constantly dry were not infected, although the 
plants in both cases were cared for alike, except in the matter of 
moisture. 

Rep‘eated sowings of the conidia in solutions employed as fungi- 
cides were made. ISTone germinated in a 1 per cent, solution of hy- 
posulphite of soda, or in a one-fourth of 1 per cent, solution of sul- 
phate of copper. A very small quantity of lime in water used in 
these experiments also checked the germination of the conidia. 

Spermogonia . — During the autumn and early wunter there is de- 
veloped on the mycelium numerous round or ovoid bodies which, as 
they increase in size, break through the tissues of the leaf, appearing 
on the surface as minute black specks. Some of these bodies are the 
spermogonia, their interior being filled with spermatia. The sper- 
matia have a length of 3 yu, and are about three times as long as broad. 
They are produced in vast numbers and doubtless serve some impor- 
tant office in the economy of the fungus, but just what that office is 
has never been clearly demonstrated. 

Peritliecia (Fig. d). — B}^far the larger number of the black bodies 
above mentioned are perithecia. They are the last to corae to ma- 
turity, at the time the. spermatia are most abundant their interior is 
filled with a clear mass of cells. Tliey are usually somewhat larger 
( 90 yu to 130 ya in diameter) than the spermogonia, and their outer walls 
are more nearly black and apparently thicker or firmer in texture. 
They are usually partially imbedded in the ruptured leaf-surf ace, but 
not infrequently they appear to be resting directly upon it. At the 
top of each there is a small opening or ostiolum which permits the 
contents to escape at maturity (Fig. e). If the perithecia be exam- 
ined during the latter part of winter or early spring (they are almost 
always found abundantly o]i leaves destroyed by blight the previous 
year) the interior will be seen to be filled with numerous transpar- 
ent sacs or asci attached to a tbin layer of light-colored tissue resting 
on the botton wall (Fig. e). These sacs are about 50yu long and 10// in 
diameter above, tapering below to a narrow base. Within them are 
formed the ascospores, usually eight in number in each sac (Fig. /). 
These are illustrated in Plate I, Fig. g, and are true reproductive 
bodies, designed^ no doubt, to preserve the life of the fungus in special 

*A fungus aciculosa, often found associated with ‘ Sphcerella fra- 

garice, has been thought by some to be tJie spermogonia of the latter, but its spores are 
often two-celled and they germinate without difficulty, contrary to the cliaracter of 
spermatia. Possibly it represents the pycnidial stage of the Sphcerella, but this is 
very doubtful . Septoria fragaruxi has also been thought by some to be the sperru- 
ogonial stage of the Splicer ella, but there is no longer any reason for supposing this 
to be the case. Another fungus {Ascochyta fragaricE), sometimes found associated 
with the Sphcerella, has been regarded as its pycnidial form, but from our observa- 
tions we can see no reason for accepting this view, although we have occasionally 
found this fungus on leaves destroyed by blight. 
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cases, blit, as we have already seen, tbey are not essential to its per- 
petuation from one year to another. They are narrowly ovoid in 
shape, being more pointed below, and are divided into two cells by 
a transverse septhm near the middle.^ 

Conidia-bearing stalks similar to those we have already described 
often grow in great numbers from the outer wall of the perithecium 
around the ostiolum, and like developments have been observed by 
us arising from similar parts of the spermogonia. These stalks pro- 
duce conidia in every way like those which are formed in the early 
stages of the disease. By placing the old diseased leaves, upon which 
there are perithecia, in a moist atmosphere under a tumbler or bell 
jar the conidia-bearing stalks and conidia will grow from the latter 
in the greatest profusion. 

From our studies of this fungus we conclude that its life history is 
limited to the developments above described: First, there is the 
mycelium, which endures throughout the year; second, the conidia, 
produced in the summer on short stalks arising from cushion-like 
masses of mycelium, formed just beneath the cuticle. This stage ap- 
pears to us to correspond to the pycnidial stage of the fungus of the 
black-rot of grapes, only, in this instance, the pycnidial walls are not 
developed, consequently the basidia and their spores are exposed; 
third, the spermagonia, which appear late in the season; and, fourth, 
the perithecia, with their asci and ascospores, found in early spring 
on leaves destroyed by the blight the previous year. The spore-forms 
are the summer conidia, the conidia which are produced on stalks 
that grow from the tops of the spermagonia and perithecia, the sper- 
matia, and the ascospores. 

The conidia are designed for the rapid propagation of the fungus, 
as shown by their great abundance and the ease with which they 
germinate. The ascospores, securely protected by the walls of the 
perithecium, are doubtless designed to perpetuate the fungus under 
conditions fatal to the life of the conidia. 

(/) TREATMENT. 

A knowledge of the habits of the fungus of Strawberry-leaf Blight 
shows us that the treatment of the disease must be preventive. The 
fungus, when once inside the leaf, can only be destroyed at the ex- 
pense of the latter. 

We can mitigate the evil and oftentimes wholly avoid it by pursu- 
ing special systems of culture. By annually renewing the settings 
and planting only in deep and thoroughly well drained soil loss from 
blight will seldom occur. Some have escaped the ravages of the 
disease by removing all the Old leaves immediately^ after the fruit is 
harvested and cultivating the ground, at the same time adding some 
quick fertilizer. The easiest way to remove the leaves is to mow the 
beds, then rake the leaves together and burn them. 

A simpler line of treatment, and one more likely to secure the de- 
sired result, is the application to the plants of some fungicide which 
will destroy or prevent the germination of the conidia falling upon 
the leaves. We have seen "from our laboi\atory experiments, that 
these conidia will not germinate in very dilute solutions of hypo- 
sulphite of soda or sulphate of copper. It is a simple matter to apply 
similar solutions to the plants in the field, where it is only reasonable 

These ascospores are more elongated and rather more pointed at the narrow end 
than those figured by Tulasne, but they are certainly of the same species. 
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to suppose they will have a like action on tlie reproductive bodies 
in question. 

Prepare the solution of hyposulphite of soda by dissolving 1 
pound of the hyposulphite in 10 gallons of water. Apply with a 
convenient force-pump having a spraying nozzle of fine aperture. 

The action of this remedy is immediate, hence it is' necessary to 
apply it frequently during the season. 

The sulphate of copper solution with carbonate of soda (described 
on page 331), or the following solution of ammonia calcarbonat'e of 
copper may be useful in treating this disease : In 1 quart of liquid 
ammonia dissolve 3 ounces of carbonate of copper, then dilute to 20 
gallons. 

These preparations of copper salts should be applied in the same 
manner as the hyposulphite of soda solution. They adhere very 
strongly to_ the foliage, and as the copper they contain'dissolves very 
slowly their preventive action against the fungus lasts for a long 
time. 

A solution of sulphide of potassium or liver of sulphur” has 
been employed in combating the blight of the strawberry with en- 
couraging results. Mr. K. E. Buffum, of the University of Virginia, 
writes : 

I sprinkled the strawberry plants with a solution made by dissolving 1 ounce of 
sulphide potassium in 8 gallons of water, repeating the operation several times 
before the berries ripened. This, I think, had a beneficial effect, as there was certainly 
a marked decrease in the amount of blight. 

Prof. J. C. Arthur states in the Sixth Annual Report of the blew 
York Agricultural Experiment Station, page 351, that — 

A part of a bed of Sharpless strawberries was sprayed four times wdth a solution 
of sulphide of potassium (one-half ounce to 1 gallon of water) with the object of hold- 
ing in check the spotting of the leaves, due to the fungus Ramularia Tulasnei, 
often described as “ sun-burn.” The object sought was attained, as that part of the 
bed took on a more vigorous growth and showed fewer spotted leaves than the re- 
mainder. In fact, the difference between the sprayed and unsprayed portions w^as 
so marked that it seems unsafe to ascribe it wholly to the fungicide, it being 
better to content one’s self with the strong indication that the sulphide is likely to 
prove a serviceable preventive of this disease, and to leave the question of its full 
efficiency to be determined by future trials. 

As the value of whatever remedy may be employed, depends en- 
tirely upon its power to prevent the germination of the conidia of 
the fungus, the necessity of making the applications early is obvious. 
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2. — Apple Scab. 

Fusicladium dendriticum. 

• (Plate II.) 

(a) GENERAL OBSERVATIONS, 

The disease of the apple caused by the fungus parasite Fusicladium 
dendriticum, has long been known to growers of this fruit as ‘ "Apple 
Scab.’’ Less frequently we hear it spoken of as ""black spot,” or 
simply spot disease of the apple, or, when on the foliage, ""leaf 
blight” or ""leaf mildew.” It has been known to botanists for a long 
time and has received many Latin names, but the one here adopted 
has been generally employed by mycologists since 1869. 

The distribution of this disease is co-extensive with the cultivation 
of the fruit which it attacks, although there may be a few favored 
localities where it has not yet appeared. Throughout the Eastern 
and Central States one is almost certain to find it in every orchard, 
and on the Pacific slope in California it is also frequent. For more 
than fifty years it has been known in Europe. It has become a serious 
pest in Australia, and we now possess reports of its presence in blew 
Zealand. 

Closely allied species, or, perhaps, only forms of the Apple Scab 
fungus, infest our native thorn trees and other natives botanically 
related to the apple. 

A fungus of such economic importance has, as may well be sup- 
posed, received much attention from our horticultural writers, and 
numerous papers relating to it are scattered through our horticult- 
ural journals and the reports of horticultural and agricultural 
societies. Some of the more important of these are mentioned below. 

* For a long time the fungus on the leaf causing the ""leaf blight” 
or ""leaf mildew” and that on the fruit causing the ""scab” were re- 
garded as distinct species. It was suggested by Prof. M. C. Cooke 
in 1873 that they were identical, and subsequent investigations have 
fully confirmed this view. 

(6) EXTERNAL CHARACTERS OP APPLE SCAB. 

On the leaves, — There 'first appear very small olive-green spots 
with a definite and rounded outline (Fig. 2). As these increase in 
size, their surface assumes a velvety appearance and their borders 
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become more or less irregular. The older spots vary from one-eigbtb 
to one-half an inch in diameter ; frequently two or more spots may 
run together, forming large irregular blotches. Although most fre- 
quent on the upper surface of the leaf the spots sometimes appear on 
the under side, and the fungus often extends to the leaf petioles and 
young twigs, covering these parts with its dark, olive-green, velvety 
growth. When examined closely Avith a hand lens the spots on the 
leaves are seen to be made up of irregular threads radiating in all 
directions from a common center. 

On the fruit (Fig 1). — The development of the spots on the fruit 
is similar to that which takes place on the foliage. They start from 
a center of infection and usually preserve a more or less rounded 
outline. As they increase in size the ruptured cuticle appears as a 
light-colored ring around their borders, and frequently flakes of the 
cuticle adhering to their surfaces imparts to them a more or less 
grayish appearance. The greatest vigor of the fungus is towards 
the margins of the spots, the central portion sometimes dying, and 
the apple beneath, in its efforts to recover from the disease, forms a 
corky layer Avhich appears as a roughened, russet-like surface. 

(c) EFFECTS AND LOSSES. 

Through the action of the parasite on the leaves there is an une- 
qual development in the two surfaces, causing a greater or less dis- 
tortion of these organs and, Avhen badly affected, their power of 
assimilation is destroyed. Its injury to the twigs or young shoots, 
when these are attacked, is often quite serious in its character. It 
is on the fruit, however, Avhere it produces the dark olive-green or 
black spots so well known to every orchardist as Apple Scab,’’ that 
the fungus causes the greatest injury. At no period of its growth 
is the apple exempt from the attacks of this parasite, but the most 
damage is occasioned Avhen the fruit is infested early in the season. 
Sometimes, Avhen the apples are no larger than peas, the fungus of 
the scab may be found upon them, not infrequently enveloping their 
entire surface, and practically checking all further development. 
When less severely attacked the apples may continue to grow, even 
to maturity, but the result is knobby, misshapen fruit of inferior 
quality. If the attack is made towards the close of the season the 
fruit may attain its full proportions and quality of flavor, but the 
spots, disfiguring its surface, render it unsightly and depreciate its 
market value. 

Under ordinary circumstances there are some varieties which 
escape the scab, but in some seasons, however, it respects neither con- 
dition of soil, mode of culture, nor variety of fruit. 

The varieties reported to be comparatively free from the disease 
are the Russets, Ben Davis, Winesap, Willow Twig, Jonathan, Rawle’s * 
Janet, Smith’s Cider, Maiden’s Blush, Grimes’ Golden, York Imperial, 
R. I. Greening, Sops of Wine, Duchess. 

Those especially subject to its attacks are White Winter Pearmain, 
Huntsman, Northern Spy, Early Harvest, Carolina Red June, Pa- 
meuse, Baldwin, Hass, etc. 

It must be said, however, that varieties notably free from disease 
in one section when grown in some other locality more or less re- 
mote may scab badly. 

The Bellflower comes into the markets in Washington nearly free 
from scab some seasons, while in others it is very badly affected, and 
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the same fact has been observed in reg*ard to some of the varieties 
named in both the above lists. y 

In response to letters sent out by this section relative to the prev- 
alence of scab/’ a number of prominent horticulturists in differ- 
ent sections of the country have furnished interesting information 
relative to the extent of the injury occasioned by the disease, varie- 
ties affected, etc. In several States the extent of loss is reported tb 
amount to fully one-half of the crop, while reports from other States 
place the annual loss at from one-fourth to one-sixth of the crop. 

A. J. Hammond, secretary of the Illinois Horticultural Society, 
estimates the loss from this cause in each county in his State at 
20,000 bushels, which, at 20 cents per bushel, gives a loss of $4,000 per 
county, or about ^400,000 for the entire State. Secretary Goodman, 
of Missouri, estimates the loss in his State to be one-half the crop. 
Secretary Brackett, of Kansas, places the annual loss in that State, 
one year with another, at one-fourth of the crop. Mr. Ragan, sec- 
retary of American Pomological Society, places the annual loss from 
Apple scab in Indiana, at about oii(5-sixth of the crop. 

Under date of November 11, 1886, Mr. Charles S. Pope, president 
of the Maine Pomological Society, writes as follows: 

Five years ago our individual loss from this disease was at least $1,000, and this 
year we hear of injury to the apple crop from this cause in many parts of the State, 
i’he apples begin to show the ‘ ' scab ” before they are half -grown, and frequently 
all growth is stopped, and the fruit shrivels and becomes worthless. If not badly 
affected the fruit makes fair growth, but it is so much injured that the apples begin 
to decay ulider the spots early in the season. 

Perhaps you may think that I exaggerated a little when I stated that we lost 
$1,000 in onq season from this disease, but I will show you how I arrived at my 
conclusions. In 1881 we harvested nearly 3,000 bushels of Baldwins, of wliich 
about 2,000 bushels were so badly affected that we kept them in separate bins, and 
not over half of them were suitable for No. 1 apples; the diseased apples were sold' 
for 25 cents less per barrel than the best ones. Now, the affected apples vrere not 
more than half-grown ; in fact, the apples on many trees were sO small that we shook 
them off and threw them in with the cider apples. We sold the 2,000 bushels of 
affected apples for about $1,200; had they been free from scab” and attained full 
size, or 4,000 bushels, they would have been worth from $3,000 to $3,500. With 
this estimate the loss was more than $2,000. I call to mind one season when we 
lost more than half our crop about midwinter by rotting. The apples began rot- 
ting under the “scab” spots and eventually the fruit entirely decayed. 

(d) THE CONDITIONS FAVORING THE DEVELOPMENT OF THE SCAB. 

The fungus of the Apple Scab appears to be retarded in its devel- 
opment by the heat of summer. Its most rapid growth takes place 
during moist, cool weather, such as usually prevails during the early 
months of spring or autumn. It may be observed that spots which 
during the hot summer months remain brown, at the approach, of 
cool weather assume the olive-green, velvety appearance indicating 
a renewed activity on the part of the fungus. The parasite doubt- 
less retains its vitality through the winter, both on the twigs in the 
orchard and on the fruit which it infests. We have seen specimens 
of the latter in midwinter in the markets of Washington covered 
with spots on which the fungus was in a most flourishing condition. 
From the ease with which we know it can be propagated to healthy 
fruit, and from the appearance of apples in the public markets in the 
winter and spring months, we believe that the disease may spread 
after the fruit has been harvested and placed in storage. It is a well- 
known fact that apples, after being gathered and stored, undergo a 
sweating process, and if healthy and diseased fruit are in contact 
during this period, infection of the former is very likely to follow. 
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. It is^ also well known that the ^ ^ scab fungus is most severe in its at- 
tacks in seasons when damp, cold weather prevails a|j the time the 
fruit is forming. In the spring of 1885 the young fruit was closely 
watched for the first appearance of the ^^scab” by my assistant, Mr. 
Galloway, then at Columbia, Mo. It was noted that at the time 
the young apples were about the size of peas a period of cold, damp 
.weather set in. In a few days many of the varieties showed plainly 
the minute black specks which mark the first appearance of the fun- 
gus; later these developed into the well-known ‘^^scab” spots. The 
spring of 1886, in the same locality, was very dry and warm, and 
there was a marked absence of the Fttsicladium, 

The character of the soil appears to have little influence over the 
disease, although in heavy soils, particularly where the subsoil is wet 
or poorly drained, it is naturally more prevalent than in light or 
well drained lands. A damp, cool atmosphere rather than an ex- 
cess of moisture with heat appears to be most favorable for the devel- 
opment of this malady. 

(e) BOTANICAL CHARACTERS. 

Mycelium. — In thin sections the mycelium or plant body of the 
fungus — the vegetative portion — appears like a dense mass of tissue 
composed of dark brown- walled cells. It does not penetrate the tis- 
sues of the host, but grows between the cuticle and the epidermis. It 
sometimes occupies the cells of the epidermis, especially in the fruit, 
and not infrequently the epidermal layer is entirely destroyed by it, 
the fungus resting directly on the tissues beneath. Its' effects are 
confined to a few underlying layers of cells. These are shrunken 
and have their walls and contents browned. The growth of the fun- 
gus soon distends and breaks the epidermis. From the exposed sur- 
face thete arise short (40/i to 50yu) upright brown threads upon which 
the reproductive bodies or spores are borne (Fig. 3). 

Reproductive bodies, — The spores (Fig. 4) are of the same color as 
the upright threads or stalks supporting them. They are usually oval 
in outline, though not infrequently egg-shaped or pear-shaped, and 
vary a good deal in size. Their average dimensions are lOp loj 20p, 
Generally simple or one-celled, they are occasionally divided into two 
cells by a transverse wall or septum. Aside from the power of re- 
production which the fungus possesses in these spores, it appears that 
the individual cells composing the plant body of the parasite may 
serve a similar purpose. These, under favoring conditions, will push 
out germ tubes, if we may so apply this term here, which develop 
into new individuals of the species. This method of reproduction 

S he roughly compared to that by root cuttings in some of the 
er plants. 

Germination of spores, — The spores germinate rapidly in water, or 
even in an atmosphere saturated with moisture. The surface of many 
scab spots on the White Winter Pearmain, purchased in the Wash- 
ington market in December, were found to be covered with vast num- 
bers of germinating spores, the filamentous germ tubes everywhere 
covering the spots with a vigorous growth. The appearance of 
spores in germination is illustrated in Fig. 4, P late II. 

The germ tubes are rather thick, nearly of the same color as the 
spore, and frequently divided by cross- walls or septa. When the free 
end of the germ tube comes in contact with any obstruction it usually 
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thickejis and pushes out lateral or side branches from the swollen 
points. 

A number of experiments have been made in the laboratory in 
germinating the spores of, Fusicladium in various solutions and at 
different temperatures. It was found that they germinated most 
readily in pure water at a temperature of about 50'’ F., the time re- 
quired usually being about eight hours. In thirty hours the germ 
tubes attained a length many times that of the spore. Under certain 
conditions, not well understood^ the filaments developed secondary 
spore_s at their tips, and these in turn germinated like the original 
spore. 

When subjected to a comparatively high degree of temperature, 
and all water removed, growth in the germinating spores ceased, but 
was renewed at once upon being restored to the favoring conditions 
of heat and moisture, even after the lapse of four or five days. 

Repeated sowings of the spores made in solutions of sulphate of 
copper of various strengths, showed that a one-fourth of 1 per cent, 
solution would effectually prevent germination; in a one-eighth of 1 
per cent, solution about 10 per cent, of the spores germinated, but 
they made only a feeble growth. 

In the study of the diseased White Winter Pearmain, mentioned 
above, there was unmistakable evidence of the penetration of the cuti- 
cle by the germ tubes. As an experiment, some germinating spores 
were sown on the healthy surface of one of the apples and then kept 
moist under a bell- jar. In ten days it was found that the germ tubes 
had penetrated the cuticle in several places, and made a considerable 
growth in the cells of the epidermis. This penetration was evidently 
effected by a dissolving or eating away of the cuticle through some 
corrosive action on the part of the germ tubes. The possibility of 
infection of healthy fruit from that which is diseased in the same 
barrel thus appears to be evident. 

This reproduction by the spores, joined with the independent 
growths which may arise from the individual cells of the plant body, 
afford ample provision for the propagation of the fungus. 'No other 
form of this fungus is known than that which we see in the scab ” 
of the fruit or mildew’’ of ihe leaf, nor does any other form seem 
to be necessary for the continued existence of the species. The fun- 
gus is doubtless perennial, living on the fallen leaves, but more es- 
pecially on the fruit and young shoots during the winter, and the 
..ow temperature at which the spore-formation takes place, insures its 
early propagation and dissemination in the spring. 

if) TREATMENT. 

The fungus of the Apple Scab does not penetrate into the tissues of 
the host, and very early in its development it is wholly exposed to 
any application which may be made to destroy it. It appears, how- 
ever, that the vegetative portion or plant body of this, as well as of 
many other fungi, is very resistant to the action of chemical re-agents 
quite as much or more so than are the tissues of the leaf or apple upon 
which it grows. We can scarcely hope, therefore, to accomplish its 
destruction, unless it be the growths infesting the young shoots and the 
scales of buds. Before the latter expand in the spring much stronger 
solutions can be applied than it is possible to use later in the season, 
and it is at this period that the warfare against this fungus should 
begin- It has been observed that the germination of the spores is 
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wholly prevented in very dilute solutions of sulphate of copper, and 
our chief dei^endence in combating this disease appears to rest upon 
this fact — the possibility of preventing the germination of the spores 
where they can do harm. A practical treatment has been discovered 
by which we may prevent the germination of the spores of the downy 
mildew of the grape-vine by applying various solutions of sulphate 
of copper to the surfaces of the leaves upon which the spores of the 
fungus fall. It is doubtless equally practical to accomplish by a simi- 
lar treatment, a like result in the case of the Fusicladium of the apple. 
Experiments already made with the sulphate of copper solutions indi- 
cate that they will, when properly applied, at once check the scab.” 
Further and more systematically conducted experiments are required 
in order to determine fully what preparation is most efficacious, at 
what season it is best to make the applications, and the strength to 
which the solutions must be limited. Where eau celeste, prepared 
according to the original formula, has been tried it has severely 
burned and injured the foliage. This preparation may be rendered 
less caustic by the addition of ordinary carbonate of soda, or by 
being prepared as directed on page 331. 

Another and more simple modification of the eau celeste is pre- 
pared by dissolving in 1 quart of liquid ammonia 4 to 6 ounces of car- 
bonate of copper, then dilute with water to 25 gallons. The ammonia 
and carbonate of copper solution may be kept in a bottle and diluted 
when required for use at the rate of about 1 ounce of the solution to 
the gallon of water. Those who have used this preparation on the 
grape-vine say it is perfectly harmless to the foliage and is as effi- 
cacious against mildew as eau celeste. It is simple and easily pre- 
pared and is very strongly adherent to the foliage. 

Simple solutions of sulphate of copper ought not to be employed 
during the growing season as their use is almost certain to result in 
injury to the foliage. The Bordeaux mixture (see page 328) may be 
used at any time without fear of injury. 

Using one or the other of the above preparations, the following 
course of treatment is suggested : 

(1) In early spring, before the buds have commenced to expand, 
spray the trees thoroughly with a solution of sulphate of iron, using 
4 pounds of the iron sulphate to 4 gallons of water. 

(2) As soon, as the fruit has set, apply the Bordeaux mixture or 
one of the modified preparations of eau celeste. 

(3) If the weather should be such as to favor the development of 
the ^^scab” fungus, a third application should be made two or three 
weeks after the second, using the same materials. 

In addition to the effect that these applications may have on the 
development of the fungus, they will doubtless serve to keep off 
many insect pests. 

In storing the fruit for winter, especial care should be taken to 
separate all the apples showing any signs of the scab from those 
which are smooth and healthy, and they should all be kept in rooms 
Or cellars free from moisture. 

The iN'ixon’s pumps, or Field’s force-pump, are good appliances for 
spraying the simple solutions and eau celeste, and, substituting the 
nozzles furnished with these for the Vermorel nozzle, they may be 
employed to apply the Bordeaux mixture. In employing solutions 
containing sulphate of copper it is essential that the pumps be made 
of copper and the valves should be made of rubber; if the latter are 
of leatlier they ought to be oiled frequently during the applications. 
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Iron is quickly corroded and leather soon destroyed by the caustic 
action of the cop23er salt. ^ 

Experiments have been made in treating the Fusicladium of the 
apple with a solution of hyposulxdiite of soda^ 1 pound of the 
sulphite to 10 gallons of water, by Mr. E. S. Goff, of the ]^ew York 
Agricultural Experiment Station. He made applications to one tree 
only, a Siberian crab^ which had for several years been so much 
affected with the fungus as to render flie fruit entirely unfit for use. 
Applications were made to one-^ialf of this tree May b, 9, and 15. 
The result Avas that on the sj^rayed part of the tree the per cent, of 
uninjured fruit was double that on the uns^orayed part, while the 
per cent, of third quality or much injured fruit was one-half less. 

The year following tlie same tree was again treated, four applica- 
tions being made, viz, April 22, May 6, 10, 17. The strength of the 
solutions in the first three applications was 1 pound hyposulphite 
to 10 gallons water ; in the fourth the solution was reduced one-half. 
The part of the tree sprayed bore a fair crop of medium-sized fruit, 
while on the unsprayed side the aj3ples were so affected by the fungus 
that none matured. 

This remedy is che^ and easy of application, and, should it gener- 
ally prove to be as effective as in the case here cited, its value can 
scarcely be over-estimated. It does not possess the lasting preventive 
qualities of the preparations of suljffiate of copper, as its action is 
immediate, and, other things being equal, preference should be given 
to the copper compounds. 
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3. — Eitter-rot of Apples. 

(jflceosporiimi fructigenuni. Berk.? 

(Plate III.) 

(a) GENERAL REMARKS, EXTENT, AND SEVERITY. 

During the past year a number of fruit-growers in the Southwest 
have complained of a rot of the Apple which was seriously affecting 
their crops. In parts of Arkansas the disease was said to be very 
injurious, frequently causing the entire destruction of the fruit. 

Mr. J. W. Beach, a successful fruit-grower of Batavia, Boone 
County, Ark. , relates his experience with this disease as follows : 

J came to this county in 1884, and that season there were four trees in my old 
orchard alfectecl, two of which were Fameuse. The man from whom I purchased 
my place told me that the Fameuse had always been subject to the rot. For the 
last three years the disease has steadily increased, so that this year (1887) my old 
orchard of 75 trees will not yield 35 bushels of sound apples. I have talked with 
a great many orchardists in regard to the trouble, and they all agree in the opinion 
that the old orchards are the most affected. I have lately visited fine orchards of 
hundreds of trees, but in no case did I find the fruit perfect; all were more or less 
diseased. 

From the information received it appears that the rot usually be- 
gins early in the summer and increases as the season advances. When 
once affected the fruit never recovers, but continues to decay until 
completely destroyed. 

The rot may develop after the apples are harvested and stored for 
the winter, and also spread from the diseased to the healthy fruit by 
contact. All varieties are alike attacked, and the development of the 
malady is not inffuenced by the system of cultivation pursued or by 
the character of the soil. At Denison, Tex., our attention was called 
to this disease through the large amount of fruit destroyed by it. It 
begun while the apples were yet upon the tree, and in some cases the 
brown patches on the fruit suggested the idea that they might result 
from sun scald, but an examination of the diseased tissues, as well as 
subsequent developments, point to another cause. 

This rot is caused by a fungus that belongs to a group the mem- 
bers of which are frequently quite destructive, one species causing 
the socalled anthracnose of the vine, while another attacks the 
raspberry and blackberry. The members of the group as a whole, 
are known to botanists as Hyalosporce, and the species which causes 
the Apple rot we are describing, we think is Gleosporiumf ructigenum, 
Berk, So far as we have been able to discover, the first account of this 
fungus was published in the Gardener’s Chronicle by the .Rev. M. J. 
Berkley, more than thirty years ago. * Several subsequent writers 
on plant diseases have briefly referred to it. 

Serious and wide-spread as this disease seems to be in certain parts 
of the United States, we do not find in the works of our mycologists 
any record of the fungus that causes it. 

(b) EXTERNAL CHARACTERS. 

The affected apple at first shows one or more black or, usually, 
brownish spots on any part of the surface; as these gradually enlarge 
their shape becomes more or less circular and their borders somewhat 


* Gardener’s Chronicle, 1856, page 246. 
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sharply defined. Sometimes the spots coalesce or run together, and 
in this manner the entire apple is soon afi:ected. Toward the center 
of the diseased spot there is usually a very dark, frequently almost 
black, discoloration. 

Upon close examination it ‘is seen that the darker portions are 
studded with minute black points, which are slightly raised above 
the surrounding tissue, imparting to their surfaces a somewhat rough- 
ened appearance; occasionally these points are arranged in circles or 
grouped in little clusters. 

On cutting through a diseased apple while the spots are small it 
is seen that the decaying tissue extends to quite a distance into the 
fruit, and as the growth of the fungus continues the entire apple soon 
becomes a soft, yellowish-brown mass. 

♦ 

(C) BOTANICAL CHARACTERS OF THE FUNGUS. 

The body of the parasite, or the mycelium, consists of slender 
threads, which push their way through the tissue of the fruit and 
destroy the parts with which they come in contact. These threads 
vary in size and color. At first they are nearly transparent ; later, 
however, they become darker, and when old they are usually brown- 
ish-black and somewhat thickened. 

Frequently the thicker tubes send out lateral branches, which are 
at first colorless. These are divided by more or less frequent trans- 
verse partitions or septa, and soon assume the usual brownish color. 
The walls of the tubes are constricted at the septa, so that when the 
latter are roughly handled they frequently break apart at these 
points. In the process of growth the mycelial threads become 
thickly -matted and interlaced at certain points, and as these mats 
become more compact they gradually take a more or less globose 
shape. Transverse sections through a portion of ,a diseased spot 
will reveal these little rounded masses in all stages of development. 

Their formation begins at a point some distance beneath the epi- 
dermis, and as they continue to enlarge they finally rupture the lat- 
ter and appear on the surface in the form of the minute black specks 
already described. A thin transverse section through one of the 
mature black pustules shows their structure. With the aid of the 
microscope it is seen that they consist, for the most part, of compact, 
dark-colored, many-septat^ threads, which are arranged with their 
ends pointing towards or frequently protruding through the ruptured 
cuticle. Before the cuticle is ruptured this arrangement is not so 
apparent as the mass at this time has a rounded form. When the 
cuticle is torn, however, the hitherto globose mass spreads out and 
becomes somewhat fan-shaped above (see Fig 2). 

Upon the tips of the closely-compacted threads spores, or repro- 
ductive bodies, are borne (Fig. 3). These are colorless, or nearly so, 
and somewhat variable in shape; usually, however, they are more or 
less cylindrical, rounded at each end, and, occasionally, somewhat 
curved (Fig. 3, B). 

Each thread develops a single spore, but the former are so thickly 
compacted that an immense number of the latter are developed in 
each pustule. When sown in water the spores germinate within 
ten hours by sending out one or more rather thickish germ tubes 
(Fig. 5). When first sown there are usually no signs of nuclei in 
the spores. Just before germination, however, nuclei (or vacuoles) 
appear, and the contents of the spore become granular. 
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The germ tubes continue to increase in length without further 
change for about twenty hours, when there appear upon the free ends 
slight swellings, which gradually enlarge and become more or less 
globular and dark colored. When full grown these bodies are about 
8yU in diameter, and soon after attaining this size they germinate in a 
manner similar to that of the original spore. 

The tubes from these secondary spores continue growing and ulti- 
mately develop the same kind of bodies from which they were de- 
rived, and this process continues as long as moisture and heat are 
furnished (Fig. 4). 

On the 18th of hlovember, 1887, spores taken from a diseased apple 
were sown in several places upon the cut surface of a healthy Wine- 
sap. Spores were also sown at the same time upon the uninjured 
surface of the same specimen. Six days later the brown spots where 
the spores were sown upon the cut surface were one-half an inch in 
diameter, while no effect whatever was produced where the sowings 
were made upon the uninjured surface. These experiments were 
repeated a number of times, but in no case did we succeed in infect- 
ing the apple where the spores were sown upon the uninjured sur- 
face. 

Infection was readily secured by inserting a knife blade first in a 
diseased apple and then in a healthy one. About eight days after 
the spores are sown the little black pustules usually appear, show- 
ing that reproductive bodies have again been formed. 

There is frequently found at the base of the spore-bearing threads 
a rather thick and dark walled cavity (Fig. 2), which, as seen in a 
cross-section, shows a clear zone completely filled with minute, col- 
orless, oblong bodiefs borne upon slender, transparent basidia or 
stalks that spring from the surrounding walls. 

These sacs or conceptacles are called pycnidia, a name determined 
by their contents. What may be their role in the economy of the 
fungus is a matter of question. It is probable, however, that they 
aid in some way in the propagation of the fungus. The spore- 
bearing threads first described, spring directly from the walls of the 
pycnidia, and it is probable that they live through the winter in the 
decaying fruit, as we have found them in abundance in January, and 
at this date they developed a great number of spores when placed in 
a warm, moist atmosphere. 

From the foregoing account of the disease and its cause, it will be 
readily understood that we have a dangerous foe to contend with, 
but with our present limited knowledge of its habits it is impossible 
to suggest means of combating it. 

4. — The Rust of Beets. 

’ Uromyces hetcB, Pers. 

(Plate III.) 

(a) GENERAL OBSERVATIONS. 

This disease is not a new one to other countries, and the life his- 
tory of the parasite causing it was followed through by Kiihn as 
early as 1869, while the summer form was described as Uredo hetce 
by Persoon, and the winter stage as Uromyces hetce by Tulasne 
earlier than this. The discovery of the a^cidio-stage is due to Kiihn 
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(1869). It is a well-known malady both in France and Germany, but 
is not serions enough to call forth much notice in the agTicultural 
journals. This is probably due to the fact that it occurs only in iso- 
lated places and is easily controlled; for it attacks both the sugar 
and fodder beets, and the diseased leaves soon turn yellow or brown"*" 
and are not even good for fodder. It is supposed that it somewhat 
diminishes the amount of sugar produced in the countries where it 
exists; and a French scientific workf of 1878 states that it had been 
on the increase for several years. 

(6) THE DISEASE IN CALIFORNIA.^ 

In September, 1887, at Orange, in the southern part of California, 

' the leaves of the cultivated Beet were found attacked by this Beet rust. 
The infested leaves were thickly dotted with powdery, round or oval, 
raised, reddish-brown spots, surrounded by a white rim formed of 
the ruptured epidermis, and varying in size from mere points, scarcely 
visible to the naked eye, to spots slightly over a millimeter in diam- 
eter. They were irregularly distributed over both surfaces of the 
leaf, sometimes occurring exactly opposite each other. Some of the 
spots were surrounded by a small area of dead tissue. 

Dr. Byron D. Halsted § states that he found this rust at Santa Bar- 
bara, where it was making much trouble for the market gardeners. 
In some places every leaf of the plant was badly infested and whole 
rows of beets were dwarfed and discolored by the parasite. The pest 
was found in its worst form* on the escaped plants which in some 
places almost cover the moist low ground.” 

(C) MICROSCOPICAL CHARACTERS OF THE FUNGUS OF BEET RUST. 

Upon examination with the microscope these effects were found to 
be caused by a fungus belonging to the family UredinecB. Investi- 
gations of many members of this group by various observers have 
demctistrated that they are polymorphic, i, e., possessing two or more 
forms of spores or reproductive bodies, and these forms may or may 
not develop upon different hosts. In the case of the fungus of the 
rust in question, all these forms are found upon the same host, each 
kind having a particular time of the year for its appearance, follow- 
ing a regular succession in development. 

^cidio-stage . — The form which occurs earliest is the gecidio-stage. 
This has two kinds of receptacles, the recidia and the spermogonia, 
the latter appearing slightly earlier than the former. These forms 
appear in the spring upon the leaves and petioles, developing* just 
beneath the cuticle. They at first form raised places upon their sur- 
faces. The epidermis is soon ruptured and the spermogonia and 
secidia are exposed, appearing as clusters of spores surrounded by a 
white envelope having the shape of a bowl or cup. The secidio- 
spores are orange-yellow, arranged in chains, and set so close together 
that, by mutual pressure, they have a polygonal form. These secidio- 
spores are developed from short, upright basidia at the base of the 
cup. When brought upon the surface of the leaf, under favorable 

Frank, Die Krankheiten der Pflanzen. 
f Jubainville et Vesque. 

jits presence in California is noted by Rev. J. E. Vize, in Grevillea, Vol. V, 
(1876-’77), p. 110. 

§ Bulletin from the botanical department of the Iowa State Agricultural College, 
1888, p. 115. 
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conditions^ they give rise to germinating filaments which enter the 
leaf through the stomata and form a mycelium in its tissues. In its 
growth this mycelium Avinds through the intercellular spaces (Plate 
III, Fig. 10), and obtains sufiicient food for its development by means 
of haustoria Avhich it sends into the cells. * 

Uredo-stage . — At a definite period these mycelium threads form 
compact' masses in certain places beneath the epidermis, and from 
these masses arise short, upright hyphae or basidia, each of which 
bears a single spore upon the end (Plate III, Fig. 10). The spores, in- 
creasing in number and size, rupture the epidermis (Fig. 10 6), and 
when ripe escape by falling from their basidia, which, in this case, 
are known as pedicels (Fig. 10 d d). This is the summer or uredo 
form of the fungus, and its external appearance has been already de- 
scribed. 

The uredospores (Fig. 11) are round or ovate, darkyelloAV, Avith a 
somewhat thickened Avail and an echinulate surface, upon which one 
or two bright places may be seen. These bright spots are caused by 
perforations in the endospore or inner layer of the wall, and it is 
through these perforations that the young, growing hypha protrudes 
in germination (Fig. 11 a). 

Teleuto -stage . — These germ filaments bore through the epidermis"^ 
and form a mycelium like that developed from the eecidiospores 
in form, manner of growth, and function. The uredospores are 
produced in this manner for several generations, but as autumn ad- 
vances spores of another character appear among them. This third 
form is also unicellular, but darker in color and thicker Availed than 
either of the others. It has a smooth surface, and opposite to the 
attachment of the pedicel there is a thin place in the wall that affords 
a point of least resistance to the germinating hypha. When ripe 
these spores fall off, carrying with them the pedicels which become 
detached from the stoma beneath. The name teleutospores is ap- 
plied to this third form, and they may occur mingled with the uredo- 
spores or form independent spots. In the latter case they occur gipon 
the petiole, f The teleutospores are the resting or winter spores of 
the fungus, and, although appearing in the fall, they do not germi- 
nate until the following spring after a winter period of rest. The . 
germinating tube x)ushes through the thin place in the wall opposite 
the point of attachment of the pedicel and forms a short branched 
hypha or promycelium. From the end of each branch small buds or 
sporidia are cut off by a special process. These are caj5able of germi- 
nating and producing a mycelium in the plant tissues, and this in 
turn reproduces the spermogonia and secidia, thus completing the 
alternation of generations. 

It will be seen that the life liistory of this fungus is the same as 
that of other Uredinece, but it differs from the other genera of this 
group in that its winter spores are unicellular. It closely resembles 
Uromyces rumicum, found upon sorrel, but, so far as known, it has 
never been found upon any host but the Beet, and this renders the 
matter of subduing it comparatively easy. Since the teleutospores 
do not make their appearance until autumn, and as the carrying 
the fungus over AAunter is believed to depend upon the teleuto- 
spores the thrifty cultivator Avill watch for the earlier stages of the 


“ Soraiier, Pflanzenkranklieiten. 

[Frank, Die Krankheiten der Pflaiizen. 
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fungus and carefully collect all leaves showing any sign of infec- 
tion and burn or otherwise destroy them. 

(d) TREATMENT. 


We. are not aware that any direct mode of treatment has been suc- 
cessful in the case of fungi of the family UrecliiiecB to which the Beet 
rust fungus belongs. If the annual infection is dependent upon 
the teleutospores we should seek to prevent, as far as possible, their 
formation. The only spores which are produced entirely independ- 
ent of the host are the sporidia, which are the product of the germi- 
nation of the teleutospores. These sporidia are very delicate and 
exceedingly minute bodies, and if means can be devised for prevent- 
ing their coming upon the young beet plants, or, should this not be 
possible, a way discovered to prevent their germinatino^ and entering 
the leaf tissues by the application of some fungicide (dilute solution 
of chloride of iron), the disease may be vdiolly, or in jjart XDrevented. 

(c) BIBLIOGRAPHY. 
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II ; p. 96. 

Yize, J. E. : Grev; V; 110. 

Cooke, M. C. : Grevilkn ; VUI ; lo7. 
Halsted, B. D. : Bull. Iowa Ag.Coll. , 1888. 


5. — Leaf Rust of the Cherry, Peach, Plum, etc. 

P'uccinici pruni-spinosce, Pers.'^ 


(Plate III.) 

(a) GENERAL OBSERVATIONS, DISTRIBUTION, ETC. 

The Leaf Rust here described is wide-spread in this country , having 
been observed in nine States, including Massachusetts, Florida, 
Louisiana, Texas, and California, a fact which would indicate a very 
general distribution. It is also known in Germany, France, and 
Great Britain. In the first-named country it is popularly called the 
‘^‘^rust of the stone-fruit trees. 

With us it is most generally found upon the plum, but occurs 
also on the cherry, apricot, and peach. It has been described as the 
^^plum tree brand. 

The fungus producing the rust has been described under several 
different names; that used here is the one adopted by Winter. Some 
confusion has probably arisen from the fact tliat the uredo stage 
alone occurs upon the peach and from the resemblaiice of the uredo- 
spores to the teleutospores of Uromyces. 

The uredospores may or may not be present on the plum, J but on 
the specimens examined a few have been found in all cases mingled 

■^^The more important synonyms are Puccinia prunoruni, Lk., Uredo priinastvi, 
D. C. , and Uromyces pritnoriim, Fcki. 
f Frank, Die Krankheiten der PlienizGii, p, 486. 
fPeck, XXV, p. 116. 
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with the teleutospores. Some leaves gathered in Aiken, S. C., in 
April had nothing hut nredospores hut they seem to persist until 
Winter, as specimens collected December .26, in Texas, still show^ed a 
large number. The climate may, of course, have something to do 
with their presence. 

(b) EXTERNAL CHARACTERS. 

The appearance of the diseased leaves differs according to the 
species attacked. On the Peach small, round, powdery spots of a 
yellowish-brown color make their appearance upon the lower sur- 
face of the leaf, and directly opposite these, upon the upper surface, 
the tissue turns reddish-yellow. So far as known this appearance 
does not change throughout the year, except that as the spots grow 
older they may turn brown upon the upper side. The Plum may 
have similar sx>ots early in the season, but later these are mingled 
with dark, purplish-brown, powdery spots below, and above they 
may be yellow or dark brown. The spots are irregularly scattered 
over the leaves and sometimes confluent. 


(c) MICROSCOPICAL CHARACTERS. 

The fungus of this disease, like that of the Beet Rust, belongs to 
the family UredinecB, but in this case the aecidio-stage of the para- 
site is not known. The known spores, which have strongly marked 
specific characters, are formed upon a stroma beneath the epidermis, 
which ‘they finally rupture, and they, together with the stroma, pro- 
ject slightly above the surface. The spores are interspersed with 
paraphyses"(Fig. 8), having expanded globular tips with walls thick- 
ened at the ajiex, giving them the appearance of immature uredo- 
spores. The nredospores (Figs. 0 and 7) are light yellow in color and 
of a very irregular form, varying from club-shaped to oblong, but 
are most often obovate; the walls are thin except at the apex, where 
they are greatly thickened; the surface is echinulate, but the spines 
diminish in size towards the apex, and are scarcely visible upon the 
thick- part of the wall; the endospore is pierced by two germ pores 
(Fig. 7, c c) situated just below the thickened portion of the wall. 

The teleutospores (Fig. 9) are dark-brown, tvfo-celled bodies, so 
strongly constricted in the middle that the cells are usually about 
the same size, but the uxiper one is sometimes larger, and the lower 
may be colorless in some cases. The wall is of unform thickness, 
and is covered v/itli short, thick spines, set very close together.^ 

Both teleuto and nredospores have comparatively shono pedicels. 
The former have never yet been found upon the Peach, and it is 
probable that they do not occur upon it at all, since specimens gath- 
ered in Texas as late as December 26 failed to show any. 

In regard to the disastrous effect of this fungus on the Peach a 
Texan correspondent writes, October 18, that ‘‘^the fungus caused 
nearly all the leaves to fall within the last four week, even the second 
rrpowth. 

The wild as well as tlie cultivated plums are attacked, a fact that 
will render infection of cultivated trees certain when there are dis- 
eased native ones in the vicinity. 

(d) TREATMENT. 

Little can be said in way of treatment, and all experiments in this 
line must be wholly empirical. As stated above, we do not know 
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the first or secidio-stage of the fungus, and it is not certain that this 
stage is necessai^y for its continued propagation. The parasite is 
endophytic, or grows within the tissues of the leaves of the host 
plants, and by the time it has become visible on them by its j)roduc- 
tion of spores, the body of the fungus has already attained consid- 
erable growth and is beyond the reach of fungicides. We can 
only hope to keep the disease off the trees by preventive applications, 
and in localities where some treatment seems to be imperative we 
suggest spraying the foliage with some of the sulphate of copper 
solutions, eau celeste for example, as being most likely to be protect- 
ive. Very dilute solutions of chloride of iron may also protect the 
trees from the attacks of this parasite. 

(e) BIBLIOGRAPHY. 
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Grevillea : Uromyces prunorum ; Vol. 
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Uromyces prunorum var. 

amygdali ; Vol. II: p. 19. 
Fuckel : Symb. ; p. 50. 

Halsted, B. D. ; Bull. Iowa Agri. College, 
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6. — Cotton-leaf Blight. 

Cercospora gossypina, Cke. 

(Plate IV.) 

(a) GENERAL OBSERVATIONS, DISTRIBUTION, ETC. 

The disease here named Cotton-leaf Blight is quite distinct from 
the dreaded Cotton Bust’’ that so often has blasted the hopes of the 
planters, and, in comparisori., is of little consequence. Anything, 
however, which may affect a crop of such vast importance, even 
though slightly, deserves consideration. 

A number of fungi are known to infest the living cotton plant, 
but, so far as we have observed, the one mo.st conspicuous from the 
effects produced is Cercospora gossypina, Cke. This fungus was 
first described by Professor Cooke in Grevillea, YqI, XII (Septem- 
ber, 1883), page 31, from specimens collected in South Carolina and 
distributed by Bavenel.’^ Excepting that it has been occasionally 
confused with the true Cotton Bust, we do not know that it has re- 
ceived any attention from pcmular writers. Bavenel knew of its 
occurrence in South Carolina, Georgia, and Florida. The writer has 
observed it in Xorth Carolina and Texas, so that the disease is likely 
to occur throughout the cotton-growing States. 

In a field the disease first appears at points where the soil is damp 
or poorly drained, and the lowermost leaves are generally the hr^ 
to be attacked. Frequent showers or heavy rains are favorable to 
the spread of the malady, and at the time of picking, one will often 
find all the leaves on many plants more or less affected. 


*Rav. Amer. Fungi, No. 583. 
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The fungus begins its attacks as soon as the first leaves are fairly 
formed, and from that time until the close of the season it continues 
its depredations. Our observations have not been sufficiently numer- 
ous or complete enough to enable us to make any definite statements 
a.s to the actual injury^ occasioned by the blight. The vitality and 
assimilating powers ot the diseased leaves are more or less affected, 
according to the virulence of the attack, and in severe cases a seri- 
ously diminished crop must necessarily be the result. 

(b) EXTERNAL CHARACTERS. 

If the lower leaves are carefully examined about the time the 
plants are beginning to bloom, one will see, here and there, some of 
them marked with reddish-brown spots, irregular in outline, and 
variously scattered over the leaf surface. The single spots vary 
from 1"'"' to 4"^"^ in diameter, but often several of these run together, 
producing discolored patches of considerable size. The spots are vis- 
ible on both surfaces of the leaves, showing that the tissues through 
their entire thickness are affected. In a short time the tissues within 
the spots die and turn brown, leaving a dark red, well-marked border 
between the dead and the surrounding healthy tissues. The dead 
centers of the spots become brittle and are easily broken out, so that 
the leaves are often seen full of holes, or more or less ragged and 
torn about their margins. Leaves badly affected soon lose their 
lively green color, turning to a pale, sickly yellow, and finally wither 
and fall from the stalks. 

(c) BOTANICAL CHARACTERS OF THE FUNGUS. 

The Cercosjpora gossypina which causes the blight is a fungus 
botanically related to the fungus of the Strawberry-leaf Blight, but 
while we are now acquainted with the several stages in the develop- 
ment of the latter (see p. 339), we know only one stage in the former — 
the Cercospora stage — corresponding to the Ramularia stage in 
8plicBrellafragari(B. 

It is the vegetative portion or plant body of the fungus, growing 
within the tissues of the leaves which occasions the destruction of the 
cells in the latter, producing the external changes noted above. 
After a while there issues from the mycelial threads witlun, usually 
coming out through the stomata, short, irregular, dark-colored 
branches, uxDon whose tips the slender, tapering, colorless spjores are 
borne. These branches generally issue in tufts or fascicles of three 
or four or more, and the number of spores borne on each varies from 
one to several. The length of the branches as well as that of the 
spores varies greatly, and the number of septa or cross- walls in the 
latter is also variable. 

As already intimated, the more advanced stages in the life history 
of this Cercospora are unknown, but it doubtless produces sper mo- 
gonial and ascosporous forms on the affected leaves after they have 
fallen to the ground. 

What applications or treatments may serve to check or prevent 
the Cotton blight remain to be determined by experiment. It may 

The characters of the species as given by Cooke are as follows : Epiphylla. MacAi- 
Us effusis, indeterAuinatis Ciiscis. Hyphis suhfasciciilatis, elongatis/jiexuosis, fiiscis 

Sporis elonqatis, superne attenuatis, ilexuosis, 5-7 septatis, hyalinis 
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not be practical^ or, ratlier, it may not pay to attempt any treatment 
unless the disease should become more injurious than it appears to 
be at present. 


7. — Anthraonose"' of the raspberry and blackberry. 

Gloeosporium venetum, Speg. 

(Plate Y.) 

(a) HISTORY OF THE FUNGUS. 

In the AgriciiUural Review for November, 1882, Prof. T. J. Bur- 
rill, of Champaign, 111., published an account of this fungus under 
the name of the Raspberry Cane Rust.^’ This is, so far as we are 
aware, the only x)iiblication relative to the subject. Professor Bur- 
rill did not name the fungus but merely referred to it as the ^‘Rasp- 
berry Cane Rust,’’ the popular name by which it is generally known, 
stating, however, that the parasite probably belonged to the same 
group as the fungus that caused the disease of the grapes known as 
Anthracnose. • During the past two years numerous complaints of 
the serious injury caused by this fungus have been received by the 
Section from Illinois, New Jersey, Texas, Wisconsin, and Missouri, 
indicating that the disease is wide-spread and destructive. 

The first time the disease was observed in Missouri was in May, 
1887, in the horticultural grounds of the Missouri Agricultural Col- 
lege, and later in the season in various parts of the Statei On J une 
7, a raspberry plantation of 250 acres, located in the southern part of 
the State, was visited, and it was found that nearly all of the Black- 
caps were suffering from the attacks of the parasite. Other planta- 
tions in the southwestern part of the State were examined, and in all 
cases the Black-cap raspberries were attacked. The owners, in many 
instances, were ignorant of the cause of the trouble; some thought 
that the injury was due to insects, while others attributed it to ^*^sun 
scald.” From informcdion received from the fruit-growing region of 
Illinois, it is evident that the jiarasite caused considerable injury in 
that State. In a letter dated June 20, 1887, Mr. F. S. Earle says ^^that 
the ^ Raspberry Cane Rust ’ is seriously injuring Black-cap raspberries 
and the thornless varieties of blackberries in southern Illinois.” 

An instance is given by Professor Burrill"*'' of a blackberry planta- 
tion that yielded a profit of $400 a year which was so reduced in one 
year by the disease that it scarcely paid expenses the year following. 
From a careful examination of the raspberry plantations in southern 
Missouri the past season, the .apparent injury to Black-caps is esti- 
mated to be from 10 to 12 per cent, of the entire crop. In some sec- 
tions the injury is much greater than in others; but Vv^e believe this 
is a fair estimate of the general loss. 

In November, 1887, Messrs. Ellis and Everhart described the fun- 
gus under consideration and, believing it to be a new species, named it 
(rloeospoTiurn necator. f These authors state that the fungus was re- 

* This name is proposed for the disease caused by this Gloeosporium in uniformity 
with antliracnose of the vine caused by another species of the same genus. 

■^'Agricultural Review. 

f Journal of Mycology, III, 129. Gloiosporiiim necator, E. and E. On living canes 
of black and red raspberry. Sent from Evanston, 111. , by Charles Wheeler, August, 
1881, and from Cobden, 111., by F. S. Earle, June, 1884; also received from Columbia, 
Mo. , June, 1887, from B. T. Galloway. Spots caulicolous pale, with a slightly raised 
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ceived Iw them from Evanston^ 111., in August, 1881, and from Cob- 
den in June, 1884, and again from Columbia, Mo., in June, 1887. 
They add that Glczosporiiim venetum, Sacc., a European species found 
on Ihubus, has spores of about the same size as their G, necator, but 
the former occurs on the leaves of the host, while the American fun- 
gus is found on the canes. 

We have no specimens for com|3arison, but the description given 
by M. Spegazzini of GloBosporium venetum, published in 1877,"^' ai3- 
plies perfectly to the American fungus described by Ellis and Ever- 
hart ill everything excepting that it is said to occur on the leaves. 

In the description of G. necator reference is only made to its oc- 
currence on the canes ; the fact of its being very common on the leaves 
was apparently unknown to the authors of the species. Recent ob- 
servations have led to the discovery that no part of the plant above 
ground is free from the attacks of the parasite. It is occasionally 
seen attacking the fruit, and the petioles and veins of the leaves are 
often greatly disfigured by it. 

(&) EXTERNAL CHARACTERS OP THE DISEASE (Fig. 1). 

That the disease is directly due to the action of the fungus, which is 
a true parasite, there can be no question. 

On the canes, — The fungus attacks both fruiting and non-fruit- 
ing canes or suckers. On the latter it usually ajipears first near the 
base, producing small purple spots that are variously scattered around 
the cane. The spots first formed rapidly increase in size^ and as the 
fungus develops the center of each becomes grayish-white in color. 
Surrounding each spot is a slightly-raised, dark purple border, sep- 
arating the healthy from the diseased tissues. The course of devm- 
opment is from the lower portion of the canes upwards, so that at any 
time during the growing season the tip of the cane shows only the 
minute purple spots or early manifestations of the disease, while to- 
wards its base are found the older and larger spots. In an advanced 
stage of the disease the spots coalesce or run together, and appear as 
irregular blotches, which are frequently an inch and a half long, 
andisometimes completely encircle the cane. The direct damage to 
the tissues rarely extends to the pith; the greatest injury is confined 
to the cambium layer, or the portion through which the sap is con- 
veyed in the process of growth. Thus, nearly the same efihct is pro- 
duced on the cane by the action of the fungus as would result to a 
living tree if girdled by the knife or ax. The living tissues of the 

dark border, two to three millimeters in diameter, orbicular or elliptical; spores 
oblong-elliptical, 5-7/i by S/i, oozing out in an amber-colored mass through a single 
opening in the center of each spot. Eeported as being very injurious. G. venetum, 
Sacc. , has spores of about the same size but is a folicolous species. The Illinois speci- 
mens were reported as Phyllosticta necator, but the fungus is evidently a Gloeo- 
sporiuin. 

* G, Venetum Spez. Spots marginate, without definite shape, large or small, and 
elevated in the center, honey or ocher yellow, surrounded by a dark purple border. 
Acervuli minute, prominent, gregarious, or solitary, dark; condidia oblong-elliptical 
7-8 by 21; granulose or nucleated, hyaline. In languishing leaves of Eubus Cham- 
oeneovus. Belluno and Coneg. fiano, Italy. Saccardo, Sylloge Fungorum, VoL — , 
p. 706. 

There appears to be no good reason why a new name should be given our Amer- 
ican form. The specific character of many of the imperfect fungi, of which this 
is one, are too often based upon characters that rarely remained fixed, and it is 
useless to multiply names which only lead to confusion. Therefore, Spegazzini’s 
name Gloeosporium venetum, being the earlier one published, is here adopted. 
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cane are prevented from properly performing their work, and as a re- 
sult the canes become sickly; the leaves do not attain more than 
half their normal size, and if fruit is formed at all it never 
reaches its full development, but ripens prematurely or simply dries 
up and is worthless. If the young canes are not killed the hrst year 
the continued action of the fungus on the leaves and branches pre- 
vents the formation of fruit the succeeding year. 

On the ijetioles and veins of the leaves , — Soon after the appear- 
ance of the fungus on the canes the petioles of the oldest leaves are 
also attacked. There appears near the base of the petiole the pur- 
plish spots which always mark the first development of the fungus. 
These are similar in appearance to those on the canes already described. 
Gradually the disease spreads along the petiole toward the leaf, and 
soon the frame-work of the latter shows the whitish, blister-like 
spots. 

The parasite usually confines its attacks to one side of the petioles 
and veins, which results in an unequal development, the leaves be- 
come distorted, and their edges rolled inwards towards the midrib. 
Frequently the pedicels of the fruit are attacked, and this is usually 
followed by the complete drying up of all the berries. 

On the imrenchyma of the leaves . — The fungus produces spots on 
the leaves similar to those on the canes, excepting that they are much 
smaller (scarcely exceeding in diameter) and more closely approx- 

imated, but rarely coalescing. The injury extends through the en- 
tire thickness of the leaf, and frequently the diseased tissue separates 
from the surrounding healthy part and the leaf becomes riddled with 
holes. 

(c) BOTANICAL CHARACTERS OF THE FUNGUS. 

About 60 species of the genus ( Gloeosporium) to which the fungus 
of Anthracnose of the raspberry and blackberry belongs are known 
to occur in the United States. They are all true parasites, but very 
little is known respecting their development. The species attacking 
the raspberry and black]3erry consists of three parts, namely, (1) the 
mycelium or body of the fungus, composed of very slender, colorless 
threads ; (2) slender stalks, called basiclia, and (3) reproductive bodies, 
called spores, that are borne upon the tips of the basidia. 

The mycelium creeps between the cells of the host and obtains its 
nourishment at the expense of the latter. As a first result there is 
simply a slight discoloration of the cell contents ; later the cells lose 
their shape, and very soon they collapse entirely, leaving nothing 
but a mass of dead and dry tissue. Just as far as the fungus threads 
extend the tissues of the host are destroyed (Fig. 2). As already 
stated, the injury rarely reaches to the pith ; for the most part it is 
confined to the bark and cambium layer. Near the center of the 
diseased spot the ends of many of the creeping threads unite and 
• form a dense tuft, which, as seen under the microscope, resembles a 
mass of short, slender, club-shaped bodies ranged side by side. 
These bodies are the basidia ; they are formed beneath the cuticle, 
which they soon rupture, and appear on the surface in the form of 
a minute globule, being covered with a clear gelatinous substance. 

Upon the tips of the basidia the spores are borne (Fig. 2, a ) ; these 
are colorless, oval or oblong, and very minute one-celled bodies. 
Each basidium develops but a single spore, and the entire mass of 
spores and basidia are held together in the gelatinous substance, 
which, however, readily dissolves in water. 
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If tlie diseased spots a,re examined after a Vv^eek or ten days of dry 
weather an abundance of the minute globules above referred to will 
be seen. If a rain follows^ the substance which cements the spores 
together is quickly dissolved and the latter are set free. A micro- 
scopic examination of the drops of v\^ater which collect on the canes 
and leaves after a rain will show numerous spores floating about, 
and many will be seen to have germinated by sending out delicate 
colorless filaments or germ tubes. 

Spores (Fig. 3) sown in a drop of water germinate at the expiration 
of about twenty-four hours, so that if the water which sets the spores 
free evaporates shortly after the gummy substance is dissolved, the 
former are in such condition that the slightest breath of air is suffi- 
cient to carry them from place to place. If they fall upon healthy 
leaves or canes, and the proper conditions of moisture and heat are 
j)resent, they will germinate, and it is very probable that the slender 
filaments produced will penetrate the cuticle of the plant and ulti- 
mately produce new diseased spots and give rise to the same fungus 
development from which they were derived. 

Early in June of the present year (1887) numerous sowings of the 
spores were made in various solutions prepared by macerating the 
green and ripe fruit in water, and juices made in a similar manner 
from the leaves and young canes were also used. It was found that 
spores- sown in pure water germinated much more readily than any 
sovm in the solutions. It was also discovered that if the spores which 
had germinated in pure water w^ere removed to the prepared solu- 
tions, the filaments therefrom grew with greater vigor than when 
left in pure water. From these experiments it would seem reasonable 
to believe that pure water is required, if not absolutely necessary, for 
the germinations of the spores, and that the germinating filaments, 
after they have entered the tissue, find in the juices of the plant all 
that is necessary for their future development. Another fact which 
would further warrant us in this belief is that the disease rarely 
spreads during dry weather. It spreads rapidly, however, during 
damp weather and at times when moisture collects in drops on the 
canes. Although no new spots are formed during a dry season the 
old spots continue to enlarge, and frequently the leaves wilt, owing, 
no doubt, to the fact that the injured cane can not supply the neces- 
sary amount of moisture. It is not known how long the mycelium 
is capable of retaining its vitality; nor do we know of any other 
mode of propagation excepting by the spores above described. Pos- 
sibly the fungus lives in the old canes through the winter, and is 
capable of developing a new series of spores the following spring. 
This may or may not be the case. One fact, however, in this connection 
is worthy of note, and that is, that spores taken from old spots after 
the canes have been kept for several months in an herbarium will 
germinate. 

The fungus under discussion is only known in its active or injuri- * 
ous form; other stages may occur, but they have never been satis- 
factorily made out. A Phoma which develops an immense number 
of minute, oval, colorless spores is frequently found on the old spots 
made by the GlcBosporium. In this Phoma the spores are produced 
within minute dark-colored sacs, called pycnidia, which appear to the 
naked eye as minute black specks. Another fungus, very similar to 
the above, but which should be referred to the genus Phyllosticta^ 
has been found associated with the Ol(zosporium, but whether either 
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of the above are in any way genetically related to the latter has never 
been demonstrated, 

{d) TREATMENT. 

As a means of preventing Anthracnose of the raspberry we suggest 
that the plants be trained and pruned in such manner that plenty of 
air and sunlight will at all times be permitted to come in contact, 
with the canes. By far the most vigorous plantations that have 
come under our observation were those in which the rows were G feet 
apart and the plants were 5 feet apart in the row. Cultivation was 
made both ways and by careful pruning the plants had been made 
to assume a close^ compact form. 

In no case should the canes that have been killed by the fungus 
be permitted to remain in the held^ as all the evidence at hand in- 
dicates that the disease first appears where such canes have been left 
standing. We have in mind a small raspberry plantation in which 
the disease was first noticed near the center of the field among the 
plants of the Souhegan variety. The plants in question had been 
neglected for two or three years^ and as a result the canes were long 
and straggling and many of them were dead. As a further detri- 
ment to their groAvth the suckers had grown up so thickly about the 
lower part of the plants that they were completely choked. On these 
plants the disease first appeared, but soon spread to adjoining rows 
which had received better treatment. Upon an examination of the 
canes where the disease was first observed the old scars made by the 
fungus the previous year were found, showing that the disease had 
been present for several years but had escaped detection. 

Sulphate of iron has been used with success in combating the An- 
thracnose of the grape, and it is reasonable to suppose that, if used 
properly, it will prove am effective remedy against the very similar 
disease of the blackberry and raspberry. Prepare a solution by dis- 
solving 2 pounds sulphate of iron in 5 gallons of water, and, by 
any convenient method, apply to the shoots before the buds have 
started in the spring. Later, if there be any signs of the disease, the 
use of the Bordeaux mixture is recommended. 

8. — Antheacnose of the Bean. 

Glo^ospor ium lindemuiliianum, 

(Plate VI.) 

(a) GENERAL OBSERVATIONS. 

Wax or butter beans, those having yellow pods, are subject to the 
attacks of a fungus parasite producing a disease which may be 
named Anthracnose of the bean. It is sometimes called ^^rust,” but 
that term should be restricted to a disease resulting from another 
cause. 

The disease has been known to gardeners a long time, but its 
botanical nature has not been studied until quite lately. It was first 
named by Saccardo and Magnus, and has since been studied (1883) 
by Frank.* 

. f - - ■ - 

*An account of this disease, with a figure illustrating its character, by Prof. 
William Trelease, was published in the Cultivator and Country Gentleman, Oc- 
tober, 1885. 
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It occurs in Germany, France, Italy, England, and the United 
States. In the latter country it seems to be very generally dis- 
tributed, as specimens have been sent to the Department from Maine, 
Massacliusetts, Wisconsin, Pennsylvania, Louisiana, and the District 
of Columbia. An allied species, G. leguminis^ is also found in Cali- 
fornia, upon a different host, however. 

It is the pods and the beans they contain that are chiefly affected, 
'the other parts of the plants being rarely if ever attacked. Frank 
attempted to infect the leaves and stems, but with no result. He also 
tried to infect different j)lants, but failed in this also. In this coun- 
try, however, the disease attacks water-melon rinds as well as beans. 

{h) EXTERNAL CHARACTERS. 

The disease makes its appearance as a small, reddish-brown spot 
which grows rapidly, soon becoming black in the center. With the 
exception of a narrow line on its circumference this black center 
afterwards turns to a dirty gray or light brown. 

The spots are usually round, from 2"^“^ to 6™"^ in diameter, the 
largest rarely exceeding a centimeter. 

They are composed of a reddish-brown band on the outside, fol- 
lowed within (in most cases) by a narrow black band, and have a 
brownish or dirty white center, over which is a mass of light-colored 
powder. The spots may grow until they extend entirely across the 
pod, and several sometimes coalesce, forming large brown patches 
that nearly cover its surface (Fig. 1). From the first, these spots are 
sunken below the surface of the healthy tissue, and as the disease 
progresses they sink deeper and the pod becomes more and more 
shrunken, while the bean within may also become diseased and 
shriveled until it has but a small fraction of itsnormal size (Fig, 3, h), 

(C) CONDITIONS FAVORING THE DISEASE. 

The young fruit is most subject to attack, and if the parasite gains 
a footing in the partly-grown pods, it is, of course, very disastrous, 
as the growth of the bean is checked, even when the latter is not dis- 
eased. It will readily be seen that the parasite, if at all prevalent, 
is a very injurious one to the crop ; and as a matter of fact this is 
often the case where the conditions are favorable to the fungus. 
These conditions are simply dampness of soil and atmosphere, which, 
although favorable to nearly all parasitic fungi, seem to be more 
necessary to the development of this particular disease than it does 
in the majority of cases, and an airy, dry situation for the plants is 
the best means of preventing an attack. 

(d) BOTANICAL CHARACTERS. 

As found upon the bean pod the mature fungus consists of a my- 
celium, which jDenetrates the tissue of the pod and bean, sending 
basidia to the surface, which in turn bear numerous spores. 

In general the mycelium is colored, but portions may be uncolored, 
even where the remainder is quite dark. It is branching, septate, of 
variable diameter, and contains granular protoplasm and large oil 
drops (Fig. 4, b). 

The basidia (F ig. 4, c) are colorless and straight, with bluntly- 
rounded tips, and are borne in clusters. 
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The spores (Fig. 4, e, and Fig. 5) are about twice as. long as broad, 
nearly cylindrical, ronnded at each end, contents granular and with- 
out nuclei. They sometimes project from the clusters of basidia in 
compact masses, held together by some substance which dissolves at 
once upon coming in contact with water. 

Mingled with and surrounding the clusters of basidia are a few large 
dark-brown hyphse (Fig. 4, d), closely resembling the filaments of 
Vermicular ia. They are much larger and longer than the basidia of 
the Glceospoi'iuiu, are septate, and sometimes have a bulbous swell- 
ing at the level of the tops of the basidia ; below this point they are 
colorless. Sometimes the whole hypha is uncolored, but in this case 
it is usually smaller, indicating that it is not mature. They are few 
in number as compared with the basidia, a dozen being a large num- 
ber for one cluster or pustule. These hyphae are not mentioned in 
any published account, but they were constant in the specimens ex- 
amined, although very scarce in some cases. The specimens were from 
the States previously mentioned and from Germany, and were named 
by Ellis, Farlow, and Trelease. They were also present in the same 
fungus on water-melon rind. 

Life history , — The spores falling upon the surface of the bean pod, 
send out a protuberance or germ tube on one side which presses close 
against the epidermis, and becomes transformed into a round, flat- 
tened body with a thick violet membrane. From this there soon 
protrudes a colorless hypha that bores through the outer wall of the 
epidermal cells' and grows within them into a convoluted mycelium 
which fills their cavities* and extends rapidly downwards and later- 
ally. ^ 

In its healthy state the bean pod is composed of two well-marked 
layers of tissue with a line between. The outer (exocarj^. Fig. 2, h) 
is the firmer and more compact, and is generally of about the same 
thickness throughout the pod.' The inner (endocarp. Fig. 2, c) is 
composed of larger and thinner walled cells, and is not continuous. 
If the beans are fully developed it is quite absent along their length, 
and very thin even in the intervals between them; but if the beans 
are not well-grown it is very thick, and in the intervals may fill all 
the space within the outer layer. It is accordingly thick in pods 
where the fungus has checked the groAvth of the bean. 

After leaving the epidermal cells the mycelium penetrates the 
walls of the cells beneath it, their contents and walls almost imme- 
diately become discolored, and in the exocarp the cells collapse, form- 
ing an almost solid mass of cell walls and mycelium (Fig. 2, c>). In 
the endocarp the colls do not collapse at once, but the mycelium grows 
in them luxuriantly, almost filling their cavities; from here it pen- 
etrates to the bean itself, and may even form spores and basidia be- 
tween the testa and embryo. 

The exocarp shrinks into a mere line and sometimes separates from 
the endocarp like the skin of a blister. Usually, however, the two 
layers remain connected, and the whole sjiot sinks in (Figs. 2 and 3). 

The mycelium that is in the epidermal cells in the center of the 
spot soon forms basidia which rupture the epidermis at i^oints., form- 
ing pustules (Fig. 4); these pustule^ are so numerous in the older 
spots that they coalesce and are lost sight of, so that the surface is 
nearly or quite covered with a mass of basidia. The pustules are 
just visible to the naked eye, and sometimes have a dark-brown color. 


* Sorauer, Pflanzenkranklieiten. 
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owing to the brown hyphse among the spores. It is from them that 
the spore masses already spoken of project. They occnr only over 
the light center of the spot, the black line forming their limit; in fact, 
the light color is probably caused by the spores and ruptured epi- 
dermis. 

The presence of the large dark-colored hyphse raises a question of 
classification. These hyphse are not mentioned in any description 
of Glceosporium^ and, so far as is known, are not present in any other 
species of that genus, but are, on the contrary, characteristic of the 
genera Vermicularia and CoUetotricliium. The appearance and 
structure of the bean fungus accords perfectly with the description 
of Colletotricliium, even to the location of the brown hyphse (setse) 
a^bout the circumference of the pustule, and if the setse are an organic 
part of the bean fungus it seems probable that the name must be 
changed from Gl(XOsporium to CoUetotricliium. ^ 

(e) TREATMENT, 

So far as possible plant in a dry and airy situation in light soil. 
Sulphur has been used and is reported to check the disease somewhat, 
but is not a sure protection. Under some circumstances applications 
may be made of solutions of sulphate of iron or copper, but the use 
of these compounds on this fruit can not be generally recommended 
owing to their poisonous character. Experiments might be made 
with liver of sulphur, 1 ounce to 5 gallons of water. , . The action of 
this fungicide is immediate, and it may be freely used without danger 
to health. 


9. — Leaf-spot disease of Cat alp a. 

(Plate VII.) 

(a) GENERAL OBSERVATIONS. 

The foliage of a number of our ornamental shade trees is some- 
times seriously disfigured or caused to fall prematurely by the at- 
tacks of parasitic fungi. A notable example of this is the case of the 
catalpa (C. hignonioides), some trees of which, growing on grounds 
near the Department buildings, have had their leaves more or less 
injured from this cause for several seasons past. The work of the 
fungus is manifest by round, brown spots upon the leaves which ap- 
pear early in June, and in some few instances the ravages of the 
parasite have been so severe as to nearly defoliate certain trees by the 
end of July or early in August. 

The geograxDhical limits of the disease are not known, but it is evi- 
dently quite extended, as samples of the affected leaves have been 
observed in Ayidely separated localities. 

(b) EXTERNAL CHARACTERS. 

So far as we know the attacks of tlie the parasite are confined to 
the leaves, where it produces the brown spots mentioned above. 
These spots are round, varyin^^ f rom 3“"”" to 6'^'™ in diameter, and 

* Dr. O. Penzig, in Ann. d. Agria. , 1887 (Studi Botanici Sugli Agrunii e Sulle Piante 
Afiini), PI. XXXVIII, Figs. 3 and 4, p. 384, has figured and described CoUetotricliium 
glceosporioides, and so far as can be judged from the illustrations, the fungus has 
every generic characteristic of that upon the Bean. In his Funghi Agruniicoli, 1882, 
p. 66, Fig. 90, Penzig described the same fungus as Vermicularia glceosporioides^ 
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they occur indifferently on any part of the leaf, often running to- 
gether, forming large brown j)atches, and in severe cases they occupy 
the greater part of its surface, seriously interfering with the process 
of assimilation. They are caused by the growth of the parasite 
within the tissues, whose limited development causes the sharply- 
defined, rounded outline of the spots. The tissues are destroyed 
through the entire thickness of the leaf, and this portion often breaks 
away completely from the surrounding healthy parts, leaving the 
leaf full of round holes. Fungi producing this effect are sometimes 
named shot-hole fungi. In advanced stages of the disease the 
leaves become wrinkled and deformed; finally^ losing all vitality, fall 
to the ground. 

(c) MICROSCOPICAL CHARACTERS. 

A section through one of the spots vfhere it joins the healthy tis- 
sue shows a well-defined boundary in the tissues by a peculiar trans- 
formation of the cells. In the yellowish-green border by which 
most of the spots are surrounded the different leaf tissues become a 
homogeneous mass of parenchyma ; within this the tissues are so 
shrunken and altered that the cells have lost all definiteness of form 
and contents, forming a brown and disorganized mass (Fig. 1, b). 

This disease appeared to be sufficiently important to demand fur- 
ther investigation, and some time was occupied in this work. 

Several different fungi were found on the dead spots, those worthy 
of note being Macrosporiiim cMialpce and PliyUostida catalpcB, Both 
these sx^ecies are, described by mycologists as forming s]3ots ; both 
vv'ere observ^ed on the same s^iot, and the mycelium of both was 
found penetrating the tissues. 

The Mac'i'osporivm- is the more abundant of the two, being gen- 
erally constpuit on both sides of the leaf, excepting on the very 
young sj)ots. Its growth sometimes extends beyond the limits of 
the latter to the green tissues immediately surrounding them, The 
conidiophores, or spore-bearing stalks of this fungus, are reddish- 
brown ; they occur singly or in groups, and on the under side of the 
leaf they were frequently seen emerging from the breathing pores or 
stomata (Fig. 2). The sjjores (Fig, 2, b, and 3) are compound or 
made up of a number of cells, each cell or division being capable of 
ready germination (Fig. 3). The mycelium produced by germina- 
tion is comparatively large, colorless, frequently divided by septa, 
and its growth is readily carried on in a vmiety of media. 

The sowing of fresh spores on healthy leaf surfaces, an experi- 
ment frequently tried, led to no |30sitive results. 

The species of Mac/rosporiiirn are so frequent on dead vegetable 
substances and so rarely, if ever, found alone on living tissues that 
they are generally believed purely saprophytic in their habits and 
incapable of producing direct injury to living plants. If this be 
universally true, then we must look to the other fungus mentioned 
as the cause of the leaf-s]3ot disease under discussion. 

The FhyUostida, many species of which are known to produce 
leaf-spot diseases in other }:)lants, found on the spots on the Catalpa 
loaves is doubtless the cause of them. Its mycelium is very deli- 
cate, being much finer than that of the Macrosporium, so that it is 
very difficult to see it in diseased substance of the spots, even by the 
most careful manipulation. The spores of this fungus (Fig. 5) are 
formed within minute black conceptacles or pycnidia (Fig. 4), that 
are developed just beneath the cuticle of the leaf which their growth 
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finally ruptures. These conceptacles are visible to the naked eye, 
appearing as very minute black points on the surface of the spots. 
They are not abundant, and often there are many spots, called sterile, 
entirely without them. The spores are difficult of artificial germi- 
nation, and no results were attained by sowing them upon healthy 
leaves. 

Possibly there is some genetic connection between the Macrospo- 
riiirri and the Phyllosticta. This has been suggested as a probability, 
but the studies we were able to make afforded us no orjportunity to 
form even an opinion on this question. 

Where a few trees of catalpa are grown especially for shade or 
ornament it may be possible to preserve their foliage from this dis- 
ease by the application (preventive) of some fungicide, but no ex- 
periments have yet been made with this end in view. 

10. — Black-spot on Pose leaves. 


Actinonema rosce. 

(Plates VIII and IX. ) 

(a) GENERAL OBSERVATIONS. 

There are several parasitic fungi that produce black spots upon 
the leaves of our cultivated roses ; but the most common and inju- 
rious, and the one to which we generally refer in speaking of the 
^‘ leaf spot,^^ is that known to mycologists as Actinonema rosce. It 
was nsLined Asteroma rosce by Libert as early as 1826, and afterwards 
transferred to the genus Actinonema by Fries. It is also called 
Asteroma radiosum. The nature of the disease has been studied and 
described by Frank and Eriksson, and Soratier describes it in detail 
in the second edition of his work on ^‘'Diseases of Plants.” 

The disease is very wide-spread, occurring in nearly all the coun- 
tries of Euroxie as well as in the United States. Here it is quite 
universal, although there are local areas apparently free from it. 

(&) EXTERNAL CHARACTERS. 

Late in the spring, or early in the summer, the disease makes its 
appearance in the form of round or irregularly-shaped black spots 
upon the upper surface of the living leaves. Generally only the full- 
grown leaves are attacked, and those within tiiree or four inches of 
the branches seem to be healthy. 

The spots are small at first, but as the disease progresses they in- 
crease in size, and may become half an inch in diameter. Often a 
number of them coalesce, and in severe attacks the leaf is nearly 
covered with large dark patches. 

From the beginning the spots are fringed at the edges, and 
although the form is frequently irregular at first, they usually become 
distinctly circular later, especially on the smooth-leaved varieties. 
In the latter part of the season the spots grow light colored and dry 
in the center, showing that that part of the leaf is entirely dead, and 
by this time, if not before, the discoloration penetrates through the 
leaf and appears on its under side. 

The moss roses and those with thick rough leaves, seem to suffer 
more than other kinds, but there are few, if any, that are invulner- 
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able to the parasite. Those which escape early in the season are apt 
to snccnmb before fall if the other roses in the vicinity are diseased. 

The effect of the disease upon the leaf is soon apparent by its turn- 
ing yellow in places, and sometimes by a yellow band outside the 
black spot. When cold weather approaches the leaves that are dis- 
eased are the first to turn yellow. During the autumn the yellow 
color is apt to appear at the apex of the leaflets, whence it spreads 
downward and is succeeded by brown. A leaf with a green base and 
brown tip with a yellow band between is very characteristic of this 
disease. Premature fall of the leaves is another effect of this para- 
site. Diseased leaves may fall before they turn yellow, and plants 
attacked by the fungus generally have a partly defoliated appear- 
ance. 

It is evident that we have here a case in which the effect of the 
fungus is not confined to the area it actually occupies. Its growth 
does not extend over all those parts of the leaf which turn yellow, 
nor can any mycelium be found at the base of the petiole when the 
leaf falls before its time. It seems that the interference with assim- 
ilation which must result over the diseased areas so affects the entire 
leaf as to destroy its vitality. If the autumn is long and pleasant 
the plant is apt to exhaust itself by putting out new leaves, which 
are destroyed by frost before they can be of any service. 

The fungus is very hardy and does not depend to any great extent 
upon climatic conditions for its development, but like other diseases 
of this kind it i^roves most troublesome in a moist and warm environ- 
ment. 

Roses kept under cover are better protected from infection, and 
are consequently more free from the disease. This explains why tea 
roses and others that are kept in greenhouses over winter are not so 
badly affected as those in open grounds. The truth is, probably, 
that the disease has a long period of incubation before it is visible, 
and before this period is over for roses that have been potted the 
season is far advanced and they do not have time to get badly dis- 
eased before they are potted again. 

(C) BOTANICAL CHARACTERS. 

The parasite, as it is knovm on the rose, is probably but one stage 
in the life history of the fungus. From its analogies it is classed 
with the sphaeriaceous fungi, although so far as recorded no peri- 
thecia have been observed in this species. But in other species 
similar in habit to this one, perithecia-like forms, more accurately 
known as pycnidia, occur. 

Mycelium . — The mycelium is composed of two distinct parts, one 
situated between the cuticle and epidermis (Plate IX, Fig. 2, 6), and 
the other penetrating the leaf tissues. The former is apparently 
superficial (Plate VIII, Fig. 2), as it shows through the transparent 
cuticle. It is composed of branched septate hyphse that radiate from 
a center and lie side by side in strands of from one to eight (Plate 
VIII, Pigs. 2 and 3). When a hypha branches it may run along 
parallel to the main thread or may bend off at an acute angle and 
form an independent strand (Plate VIII, Fig. 3). Other mycelial fil- 
aments branch off from the under surface of this superficial layer 
and penetrate the leaf tissues, first entering the epidermal cells and 
sometimes nearly filling them with convolutions (Plate IX, Fig. 2). 
From these it pushes between the palisade cells, and finally appears 
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in the loose parenchyma (Fig. 3). Below the epidermal cells it is 
rarely visible, since it is so transparent that it is easily concealed by 
the cell contents ; but when the cells are dead and shrunken it can 
be seen between them (Fig. 3). It penetrates the tissues very slowly, 
and reaches the loose x^irencliyma only in the last stages of the dis- 
ease. This secoiid portion of the mycelium absorbs nourishment for 
the entire fungus. 

Spores , — The s]3ores are borne upon the sur)erlicial layer. Short 
vertical branches may arise uj)on any of the strands ; these branches 
force the cuticle apart from the epidermis and soon form colorless 
two-celled spores upon very short basidia. When the spores are 
nearly full-grown the pressure upon the cuticle becomes great enough 
to rupture it irregularly (Plate IX, Fig. 2, h), allowing the spores to 
escape (Plate IX, Fig. 2). The mature spore is deeply constricted 
at the union of the two cells. The cells are oblong, nearly twice as 
long as broad, sometimes larger at the ends than in the center, and 
contain two nuclei. Sometimes the two cells fall apa^rt; and before 
thej^ become free from their basidia, the lower one frequently has 
the appearance of a XDedicel (Fig. 4). 

The effect of the parasite uj)on the leaf tissues is at first ajoparent 
in the shape of a dark yellow mass, evidently composed of the trans- 
formed cell contents that collect in the upper part of the ej^idermal 
cells. The upper row of palisade cells next become discolored, and 
the chlorophyll bodies disorganized, and this process slowly extends 
through the leaf. It is this discoloration, of the cell contents that 
gives the dark color to the spot. In some species of Actinonema 
the mycelium itself is dark colored ; but on the rose it has little or 
no color, and the fringed apj)earance of the spots is due to the fact 
that a few discolored cells follow the mycelium where single strands 
project beyond the others. Just underneath the fruiting spots the 
mycelium seems to have some color (Fig. 2, d), and these spots look 
blacker than the surrounding surface. 

(d) TREATMENT. 


Owing to the hardy nature of the fungus cmd to the fact that the 
mycelium develops within the leaf tissues, the disease is very diffi- 
cult to deal with. Although the fungus does not live over winter in 
the woody portions of the plant, the disease, having once entered a 
garden, is sure to re-appea,r for successive seasons, for the spores are 
lodged upon the buds at the bases of the petioles by water trickling 
down the leaf-stalk, and the shoot springing from these the following 
season is necessarily tainted. For the same reason cuttings from dis- 
eased bushes will spread the fungus. Unless some plan can be 
adopted by which the spores can be destroyed early in the season, 
before they have germinated and produced a mycelium within the 
leaves, a garden once infested by the parasite is beyond recovery, and 
a new site must be selected in which no roses must be planted that 
are not perfectly healthy. 

It is probable, however, that wo may succeed in saving roses once 
attacked. For this purpose all the leaves should be carefully burned 
ill the fall, and the bushes pavI ground carefully sprayed with some 
fungicide before the buds start in the spring. Much may also be 
done by picking and burning every leaf as soon as it shows the 
faintest trace of disease. 

A solution of copper sulxihate may be used for spraying the bushes, 
but should not be used upon the leaves, as it will be apt to burn the 
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foliage. After the leaves have started applications of Bordeaux 
mixture or eau celeste, modified by the addition of carbonate of soda, 
will be beneficial in preventing the spread of the disease. This treat- 
ment should be repeated three or four times during the season, so as 
to protect succeeding growths of leaves. 

11. — Rose rust. 

FhTCLg'fYiidiu'YYi mucTonaturtiy AV^iiiter. 

(Plates X and IX. ) 

(a) HISTORICAL, 

The rust of roses is a disease which has been known to botanists 
and horticulturists for nearly a century. The minute parasitic fun- 
gus causing the malady was first described by Schrank, * a European 
botanist, . under the name of Ly coper don suhcorticAum, Many later 
botanists have described it under various names, f 

For a long time it was retained in the genus Puccinia, but Link, 
in 1825, placed it in the genus Phragmidiumy where it still remains.}; 

This parasite is common in Europe and is widely distributed in 
this country, attacking both wild and cultivated plants , in severe 
cases the death of the host is the result. It has recently been ob- 
served in California, by Prof. S. M. Tracy, infesting to an injurious 
degree hybrid perpetual roses ; in one instance a Mar^chal Niel, 
growing in a greenhouse, was very badly aifected. P-ea roses rarely 
suffer from its ravages ; it is the hardy, hybrid perpetuals that 

suffer most. 


(b) EXTERNAL CHARACTERS (Plate X, Figs. 1 and 2). 

Early in summer the disease first makes its appearance on the 
leaves, leaf petioles, or young stems pn the form of variously-shaped 
lemon-yellow spots, which increase in size as the season advances. 
On the leaves the spots are scattered irregularly over both surfaces, 
being lighter in color above and below. These spots mark the points 
of development of the fungus, and as this development progresses 
within the tissues the parasite finally breaks through fhe epidermis 
on the under surface of the leaves, forming little granular pustules. 
The larger pustules appear on the principal vines, along which they 
may extend for a considerable distance. When the nerves are thus 
attacked the leaves become twisted an d misshapen. 

* Hopp’s Bot. Taschb. , p. 68. 

\ Ascophora discijlora, Tode, Mcke. Fung., page 16. Aregma mucroyhaturn, 
Fries Obs. Myc., I, page 225. Phragmidiimi mcrassatum var. rosarum, Wallr,, 
Flor-^Germ. Crypt., IV, page 188. Phragmidium mucronatum , Ijk. , Spec. Pjant, 
II, page 84. Puccinia mucronata . rosce, Pers., Syn. Fungi, page 230. Puc- 
cinia roscCy J). 0. y Flor. Franc. , vol. 2, page 218. TJvcdo roscc, Pers., Dispos.,page 
13. Uredo miniata, Pers., Syn., page 216. Uredo elevata, Sebum., Enum. Plant. 
Sacll., II, page 229. Uredo pinguis, D. C., Flor. Franc., II, page 225. 

i It appears to us that tbe name given tbis fungus by Link, Phragmidtum niu- 
cronatuTU, is tbe one wbicb ougbt to be adopted, it being tbe earliest name applied 
to tbis species in tbe genus Pliragniiditun, It is certainly straining a point, need- 
lessly multiplying synonyms, and confusing tbe citations of authors to revive a part 
of an older name after tbe fungus bas already been published under Phraynddium 
merely for the sake of paying tribute (doubtful in some cases at least) to hbn wbsi 
first describes the fungus or one. stage in its development.. 
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The spots ou the leaf stalks and shoots are usually larger than 
those on the leaves. They are elongated in the direction of growth 
(one-half inch sometimes), and are surrounded by the broken edges 
of the ruptured cuticle. The action of the parasite often incites an 
excessive cell development in the tissues of the host, in consequence 
of which the shoots are found more or less bent away from the noint 
of attack (Fig. 1, a). 

If we examine the rose leaves closely about mid-summer we will 
find that the orange-yellow spots have been replaced (to all appear- 
ances) by spots of a brick-red color, and later in the season another 
and more marked change occurs ; the under surfaces of the dis- 
eased leaves then are seen to be more or less thickly sprinkled with 
minute black, hair -like tufts. Frequently the brick-red stage and 
the one last mentioned are found together (Fig. 2)^ and sometimes all 
three forms may be seen on the same leaf. 


(O) BOTANICAL OHARAOTERS. 

A microscopical examination of the early or orange stage of the 
disease will show us that the pustules are made up of an immense 
number of globose or angular bodies arranged in compact vertical 
rows or chains (Plate X, Fig. 3). The formation of these bodies 
begins at a point some distance beneath the cuticle, and it is by -their 
growth that the latter is finally ruptured. This period of develop- 
ment is known as the secidio-stage of the parasite, and the angular 
or rounded bodies referred to are the mcidiospores. These have an 
average diameter of from 18g to 22 m (lg= 2 ^-inch), and, like the 
seeds of higher plants, they serve to spread and propagate the fungus. 
With these spores, usually surrounding each group or pustule, are 
peculiar club-shaped growths termed paraphyses (Fig. 3, a a). 

^ In the second or uredo-stage the spores are similar in shape and 
size to the aecidiospores, but they have their outer surface finely 
roughened and they are grouped differently (Plate X, Figs. 3 and 4). 

Surrounding each collection of these^ spores the same club-shaped 
bodies observed in the aecidio-stage occur. These are sterile orgam 
of doubtful function, which accompany the spores of many fungi. 
In the present instance they have obtuse club-shaped tips and are 
somewhat incurved and form a sort of cup around the spore masses.* 
The spores in this second or uredo-stage are borne on short pedi- 
cels and otherwise differ from the aecidiospores in having their 
outer surface roughened (Fig. 4). 

The spores in the third or last stage are very markedly different 
from those preceding. They appear, when magnified, as illustrated 
in Plate X, Fig. 7 . A more highly magnified figure of one of these 
spores is shown in Plate IX, Fig. 5. They are vefy dark colored, 
roughened, cylindrical bodies, about 25m in diameter and 60 m to 75m 
long, divided by septa into from 5 to 11 cells and abruptly termi- 
nated by a short, colorless point. The stalks supporting them are 
comparatively short, colorless, and considerably enlarged or swollen 
towards the base. The same colorless paraphyses accompany this 
stage as were seen in the two preceding, 

The secidio and uredospores germinate readily, under favorable 
conditions, as soon as they reach maturity; but when kept dry for a 

* The uredo-stage of this fungus has recived several names by the older mycolo- 
gists, among them Uredo mirdata, Pers*, and Golceosporium minicUum, L^v, 
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few weeks they lose this power of germination. The last spores 
formed, however, the telentospores, as they are called, retain their 
vitality for a long time and can rarely be germinated by artificial 
cultures until the spring following the season of their development. 
In the process of germination the spores of the first and second stages 
send out slender germ tubes which, if properly placed, penetrate the 
tissues of the plants attacked. These spores are evidently designed 
for the immediate and rapid propagation of the fungus during the 
growing season, while the teleutospores preserve the life of the para- 
site during the winter and only germinate in the spring, ultimately 
giving rise to the various forms we have described. 

The teleutospores germinate by sending out somewhat thickened 
tubes (usually one tube issues from each cell) which, after attaining 
a length several times that of the spore, produce several minute 
globose bodies on short and slender stalks. These bodies, named 
sporidia, are easily wafted from place to place by the slightest cur- 
rents of air, and when they tall upon Rose leaves where there is 
moisture they send out slender filaments which probably bore their 
way through the cuticle into the interior of the leaf, and a new fun- 
gus growth takes place. 


(d) TREATMENT. 

Understanding the character and manner of development of the 
Rose rust enables us to suggest several methods of combating it. In 
the first place the plants should be carefully watched, and at the first 
appearance of the disease the affected branches should be rem.oved 
and destroyed. If the disease re-appears upon the new growth it 
would be best to dig out the plants and destroy them, as it is better 
to sacrifice a few plants at the beginning than have dhern breed in- 
fection to all others which may be near. 

Never wait until the spots show the granular pustules before destroy- 
ing the affected parts, but remove the shoots upon the first indica- 
tion of the yellow spots. Where the disease has prevailed it would 
be well to rake all the old and fallen leaves together in the autumn 
and burn them, for by this means millions of the teleutospores will 
be destroyed. 

It is probable that some benefit may result from the use of solu- 
tions containing sulphate of copper, as this substance is known to 
prevent the spores ot many fungi from germinating, even when pres- 
en't on the parts subject to attack in very small quantities. 

In localities where the disease has prevailed in previpus years a 
preventive treatment may be made by applying to the plants in 
early spring, a solution of sulphate of copper and carbonate of soda, 
prepared as directed on page 331. This should be applied to the 
leaves and young branches with an atomizer, tJioroughly wetting 
all the parts, but not drenching them with the fluid. After drying 
this preparation is strongly adherent, and its presence even in very 
minute quantities is sufficient to prevent the spores of the fungus 
from germinating. It is obvious that if the germination of the spores 
is prevented infection can not take place. A very dilute splution of 
chloride of iron, which is reported to have proved efficacious in the 
treatment of the coffee disease {Hemileia vastatrix), may also be 
tried as a preventive. 
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12. — The rose Phragmidium. 

Phragmidium speciosum, Fries. 

(a) GENERAL OBSERVATIONS. 

The Rose Phragmidium belongs to the Uredinice or rnst-produc- 
ing fungi, and like the proceeding, to which it is closely related, it is 
a parasite of the rose, confining its attacks, however, to the stems, 
rarely, if ever, infesting the leaves, although it is sometimes found 
upon the leaf stalks. It was first described by Schweinitz, an Amer- 
ican botanist, in 1822, under the name Seiridium marginatum. Later 
it was placed in the genus Phragmidium by Fries, who named it 
Phragmidium speciosum. 

It is quite generally distributed throughout this country, and com- 
plaints have been received by this Section of the injury it has oc- 
casioned, one correspondent stating that his plants had been infested 
for four or five years, the stems attacked being invariably killed. 

(&) BOTANICAL CHARACTERS. 

Doubtless this species produces the same spore forms as does Phrag- 
midium suhcorticium, but the samples forwarded to us for investi- 
gation exhibit only the last stage or mature form. In this condition 
the fungus appears on the stems as illustrated in Plate IX, Fig. 6, 
thickly covering them with black, irregular masses, suggesting at 
first sight the appearance of certain species of bark-lice. A closer 
inspection of the cushion- like masses reveals their true nature, and 
a microscopical examination shows that they are really composed of 
a dense growth of fungus spores supported on long slender stalks. 
Several of these spores are represented in Fig. 7. They are brown in 
color, five to seven celled, with a somewhat abruptly-pointed color- 
less apex, and are particularly attractive objects under the micro- 
scope. In size they are about 30// in diameter by from 70// to 100// 
in length. The supporting stalk is many times the length o^ the spore, 
slightly tinted in its upper part, but colorless below, and nearly uni- 
form in diameter throughout. 

The body of the fungus {stroma)^ from which arise the spores, does 
not penetrate into the woody tissue of the stem, but its growth seems 
to be confined to the inner bark and cambium layer, the life of which 
it destroys. In severe cases the stems are often completely girded 
by the parasite, so that the fatal results arising from its attacks are 
not difficult to understand. 


(c) TREATMENT. 

The fungus re-appears each year on the same stems, if they survive, 
indicating that it is perennial in habit, a fact making it» all the more 
difficult to combat, for there seems to be no remedy that will destroy 
the parasite which will not be equally destructive to the host. 

Heroic treatment with the knife, cutting away all the diseased 
stems and burying them, is all that we can now‘ recommend. A more 
complete knowledge of the development and life history of the para- 
site may enable us to successfully combat without resorting to such 
severe measures. 
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13. — The powdery mildew of the gooseberry.* 
SphcBTothecOj mors-uvcB, B. and C. 

(Plate XI.) 

(a) GENERAL REMARKS UPON THE GROWTH AND DEVELOPMENT OF THE POWDERY 

MILDEWS. 

The mildew that has proved so destructive to the gooseberry in- 
dustry in the United States, is a member of a group of fungi known 
to botanists as the Erysiphece. The species of this group are mainly 
parasitic upon higher plants, and several of them rank among the most 
injurious of fungi to cultivated crops. The family, according to Sac- 
cardo,f is divided into nine genera, embracing a hundred species, 
about half of which are found in this country. 

Among the leading species preying upon cultivated plants is Po- 
dospJioera tridactyla, De By. This is often abundant upon the leaves 
and twigs of cherry, plum, and young apple trees, and does much dam- 
age in some localities. Phyllactina suffulta, Sacc., infests many 
species of forest trees, as the oak, beech, birch, ash, and catalpa. 
Uncinula salicis, Winter, is common upon willow leaves, while U. 
circinata, C and P., does much injury to the maple, especially the 
seedling plants. Last autumn it was difficult to find a young soft 
maple that did not have its leaves badly affected with this mildew. 
U, spiralis^ B. andC. (U. Americana, Plowe) is the Powdery mildew 
of the grape, fully treated in Bulletin No. 2, Botanical Division, pp. 
18-28. Other species of the genus Uncinula grow upon our Virginia 
creeper, mulberry, linden, poplar, and elm. The large genus Micro- 
splicer a is well represented in the United Btates. The species upon 
the lilac, M, alni, Wint. {M, Friesii, Lev.), is perhaps the most com- 
mon. It infests the birches and buck-thorn in Europe, but does 
not thrive there upon the lilac. Other species are found upon the 
honeysuckle, buttonwood, oxalis, elder, dog-wood, oaks, beeches, 
and other hosts. The genus Erysiphe is the largest in number and 
has a fair share of its members in this country. E, dehor acearum, 
DC., flourishes upon many compositee, and may prove injurious to 
cultivated members of this great Sunflower family of plants. The 
most troublesome species is E. communis, Fr. Lev., which infests all 
parts of the cultivated peas, often doing much injury. Grasses are 
frequently attacked by members of the genus Erysiphe, and become 
coated with a whitish powdery mildew. June grass is a favorite sub- 
ject for mildew. Erysiphellais a genus with a single known species 
which preys upon the flower clusters of the alder, giving them a 
mealy appearance. 

^ The members of the whole family are much alike in their vegeta- 
tive condition, and differ principally in the structure of their sporo- 
carps, or cases for bearing their several spores. These mildews are 
all filamentous fungi that attack the host only upon its surface and 
give to the exterior a whitish or powdery appearance. It is on ac- 
count of this prevailing mealy or flour-like coating that the common 
name of Powdery mildew” has been given to the members of 
this group. The slender filaments of the fungus may become at- 
tached to the surface cells of the host by short irregular outgrowths 


*By Dr. Byron D. Halsted, 


t Sylloge Fungorum, Vol. I. 
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(haustoria) which also serve to absorb the nourishment required for 
the further growth of the mildew.* After the mildew has grown 
for a time upon the surface of the host — most usually upon the 
foliage — it begins to send up vertical branches from the net-work of 
horizontal filaments. These upright threads quickly form small 
oblong cells by division walls across the filament near the tip (Plate 
XI, Fig 1). These cells are the summer or asexual spores and are 
capable of germinating at once when favorable conditions are found. 
These conidial spores furnish a very rapid method of propagation 
for the mildew, and on account of their small size and powdery 
nature they may be carried for long distances by the wind and thus 
spread the parasite with startling speed. 

Up to this point in the life history of the Erysiphece one species is 
so much like that of the others that, unless something: further is 
known, the form is not classified, or at least only provisionally. 
O'idium is an old genus which was used to include the conidial forms 
of the ErysipliecB, and to this time this is still true in some measure. 
F or example, O'idium Tuckeri is the conidial form of a mildew which 
has ravaged the vineyards of Europe, but of which the finaJ state is 
not known. We have a mildew of the vine which bears its sexual 
spores, and is classified as Uncinula spiralis^ B. and C. It may be that 
this is the species which leads an incomplete existence in the Euro- 
pean vineyards, owing to the changed conditions that there obtain. 
Any student of this group is quite certain to have an undetermined 
package of specimens that include only conidial forms. The writer 
has recently collected some branches from a live oak in California, 
the whole surface of which, dwarfed leaves included, is heavily 
coated with a powdery mildew, but from a lack of the whole life his- 
tory the specimens remain among the unclassified. 

The genera and species of the Erysiphece are founded upoif the 
sexual spores and the cases (perithecia) which bear them. The for- 
mation of these spores takes place* usually after the season of most 
rapid growth of the mildew is closed. Two filaments unite their con- 
tents (Fig. 3) and the invigorated protoplasm begins a new form of 
development, in which a sac is formed consisting of a nearly spher- 
ical sliell of thick walled cells (Fig. 4). In this hollow sphere are pro- 
duced the spores borne within one or more sacs. To repeat, the male 
element of one filament fertilizes the female cell contents, and the 
latter produce a number of spores which are borne within a sac, and 
this sac (or sacs) is contained within a thick-walled body, all of 
which is seen as a small dark speck upon the surface of the mildewed . 
plant. The fungus at this timft is usually of a rusty brown color, in- 
stead of white and powdery as in its earlier summer condition. These 
sexual or perithecial spores (ascospores) do not germinate at once, 
but remain within the protecting covering until spring, and then be- 
gin a new series of developments and repeat the mildew of the pre- 
vious season. The genera of Erysiphece are founded upon the num- 
ber of spore sacs (asci) within the perithecium and the character of 
the arms or appendages which are developed upon the spore case. 
There is a third form of spore which is borne in large numt^rs within 

*In Erysiphe pannosa {Podosphcerapannosa^ Link), the Rose mildew, e. g., very 
thin tube-form projections appear on that side of the colorless, septate, mycelial 
threads which rest on the upper surface of the rose leaf. These projections bore 
through the outer wall of the epidermal cells, and these swell out in the interior 
into a bladder-shaped body. These bladder-form projections represent the com- 
plete haustorium.—^SoRAtTER. 
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long, pear-shaped sacs (Fig. 2) that often accompany the perithecia, 
hut arise without any sexual actioh.* 

With this brief outline of the development and growth of the 
powdery mildews ’’ we may follow understandingly the life history 
of the gooseberry mildew, SphcEvotheca mors-uvce, B, and C. 

(^) SEVERITY OF THE DISEASE. 

In order that no' one may doubt the destructiveness of this mildew 
in the United States, the following statements are quoted from the 
leading standard authors upon fruit culture in this country. Mr. 
Downing, after stating that our gooseberries come from hlorthern 
Europe, our native species not having responded rapidly to the im- 
proved condition of garden culture, and that the moist, cool climate 
of England is the most perfectly adapted to the growth of the goose- 
berry, says:f 

Under our more clear and hot sun, however, the best varieties of the English 
sorts do not succeed well, suffering from mildews of the fruit and foliage in nearly 
everv localitv. 

Patrick Barry J says: 

The gooseberry suffers seriously from the mildew, owing mafp^y to the tieat of 
our summers. 

J. J. Thomas, § under ‘^Mildew of the gooseberry, writes: 

This is the most serious obstacle to successful culture of the foreign goosebfirry in 

the United States. In the cool and moist climate of England it does not exist; in 

the extreme northern parts of the Union it is not formidable, but on approaching 

the Middle States, although the bushes grow vigorously and set abundant ci’ops of 

young fruit, the latter becomes covered with a thick brown or gray mildew or 

scurf which destroys their value. 

%/ 

A. S. Fuller || writes of mildew* 

This is the one great enemy of the gooseberry in the United States. It not only 
attacks the fruit, but often extends over the whole plant, effectually checking its 
growth. So prevalent has this become that the foreign varieties are almost univer- 
sally discarded, as there are few localities where they will succeed. 

E. P. Roe^ says of the gooseberry: 

This native of Northern Europe and the forests of the British Islands has been 
developed into superb varieties which have been famous so long in England, but 
which we are able to grow with only partial success. It remembers its birthplace 
even more strongly than the currant, and the almost invariable mildew of our 
gardens is the sign of its homesickness. 

Similar extracts might be multiplied, but those given clearly indi- 
cate the severit^^ of the gooseberry mildew as found in this country. 
It not only flourishes upon our garden varieties of foreign extraction, 
but attacks many of our own wild species of the genus Ribes. The 

*This ‘‘third form of spore, borne in large numbers within pear-shaped sacs” 
which are attached to the same mycelium as the conidia and perithecia, have been 
found in a number of species of Erysiphecp., From their position and seemingly 
evident analogy to certain sexual reproductive bodies in allied groups of fungi 
they have been regarded as the pycnidia, and the spores which they contain the sty- 
lospores of the fungus. De Bary has pointed out, however, that these bodies, in- 
stead of bemg reproductive organs of the Erysiphe, are in reality the fructifica- 
tion of a fungus which is parasitic upon it. — F, L. S. 
f Fruit and Fruit Trees of America, page 488. 

:j: Barry’s Fruit Garden, page 477. 

American. Fruit Culturist, page 162. 

I The Small Fruit Culturist, page 227. 

*i[ Success V ith Small Fruits, page 226. 
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leaves and tips of the young canes of Ribes rotundifolia, Miclix. , af e 
usually badly infested in Iowa, and last summer the writer found 
the half -grown berries of a wild gooseberry in Colorado, Ribes di- 
varicatum var. irriguum, Gray, so covered with the fungus as to 
preclude their perfect development. 

(c) EXTERNAL APPEARANCE AND ACTION OF FUNGUS. 

The mildew first* makes its appearance upon the young half-grown 
leaves and the unfolding terminal bud of the shoot. In its early stage 
it has a cobweby appearance which soon becomes white and powdery 
from the development of the light conidial spores. Soon after this 
thin patches of the same character may be found upon the forming 
berries. Usually one side is more attacked than the other, and as 
the berry continues to grow it beconies one-sided or curved, because 
the fungus retards the development upon the infested side. If the 
berry is entirely covered its further development is generally checked. 
Later in the season the leaves, and especially their petioles and the 
young stems bearing them, turn to a rusty-brown color and become 
thickly coated with the fungus. The berries at the same time are 
covered with brown patches of mycelium which may be readily peeled 
off from the smooth skin of the fruit. 

(d) THE SUMMER SPORES, CONIDIA. 

A small portion of the mildew in its conidial stage is shown in Fig. 
1. Only a few of the filaments making up the felt-like coating are 
represented. At intervals along thes6 horizontal threads, branches 
are given off which rise vertically and soon begin a process of cross 
division, thus producing the conidial spores. Four of these aerial 
branches are shown (Fig. 1, a), one of which is still young, while the 
others are fully grown and spore-bearing. The spores (Fig.^ 1, b) 
as they form by this simple method of division fall from the tips of 
the threads and new ones continue to be formed from below. Tnere 
is therefore an indefinite succession of spores from the same filament, 
the number depending upon the surrounding circumstances. These 
spores are colorless, and when produced in large numbers give the 
infested surface of the host a white, powdery appearance, as previ- 
ously mentioned. They are borne exposed in the greatest possible 
degree, and may be readily scattered by the wind and in other ways. 
These spores quickly germinate when they fall upon a. moist place on 
the surface of the host and produce new horizontal threads, which 
soon develop new vertical branches (conidiophores) with their spores. 

(e) THE WINTER SPORES OR ASCOSPORES. 

The formation of the sexual or ascospores may begin soon after the 
conidial spores appear, but usually they follow late in the season, 
and in many species (?) are not produced at all. With the goose- 
berry mildew they begin to form early in the life of the fungus, and 
by June may be found of full size. The initial stage in this forma- 
tion is shown in Fig. 3, Plate XI. At a point where two of the hori- 
zontal filaments come near each other lateral branches are given 
off, one from each filament, One of these is slender and does not 
differ in appearance from the re st of the filament (Fig. 3, a). The other 
outgrowth soon becomes swollen and sometimes nearly pear-shaped 
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(Pig. 3,6). This is the female cell, the protoplasmic contents of which 
are fertilized by the commingling with them of the contents of the 
upper cell of the slender filament which is usually applied to the 
upper end of the female cell. The upper cell of the male organ 
contains a substance which corresponds in function to that within 
the cell coat of a pollen grain, while the female cell answers to the 
germ cell within the embryo sac of a young ovule. The process of 
fertilization in the gooseberry mildew is essentially the same as 
that with any ovule among flowering plants, but stripped of all the 
appliances seen in intricate blossoms, and therefore reduced to the 
simplest terms. The rapid propagation of a flowering plant by run- 
ners, suckers, bulbets, or by one or more of a long list of non-sexual 
methods, may be considered as homologous with the vegetative pro- 
cess in the mildews, including the production of the conidial spores. 
The latter are formed by a slow process of budding. As the result 
of fertilization in the young ovule there arises the seed and whatever 
may surround the seed or seeds, namely, the fruit. * In the same 
manner the prodmct of fertilization in the mildew under considera- 
tion is a fruit” which includes the spores and their surroundings. 
The first evident result of fertilization in the mildew is the outward 
and upward growth of numerous short filaments from the base of 
the female cell. These threads soon completely surround the ferti- 
lized cell within and become divided by cross-walls, so that the young 
forming perithecium or spore case assumes the form and appearance 
shown in Fig. 4, Plate XI. If a section should bo made through 
the middle of one of these nearly spherical bodies the view^ would 
show the outside cell situated upon a short stalk and occupying the 
center of the sphere. Later on in the development of the perithecia 
the outer coat becomes thicker by increase in number and size of the 
cells composing it, and assumes a dark chestnut color. At the same 
time some of the surface cells produce slender outgrowths which be- 
come as long as the diameter of the perithecium, and serve to hold 
it in place among the vegetative filaments of the mildew upon the 
surface of the infested host. 

The perithecium at this stage is shown in Fig. 5, Plate XI. While 
these changes have been going on exteriorly the central protoplasmic 
contents have been shaping themselves into eight small masses, around 
which was formed a thick, colorless cell wall, called the spore sac or 
ascus. In Pig. 6 is shown a mature perithecium, the dark thick 
wall of which has been broken open by pressure, and the ascus is 
escaping from within. An ascus is shown in Fig. 7 more highly 
magnified and free from the perithecium. 

On account of the prevailing chestnut color of the ripe perithecia 
the older portions of the mildew lose their white appearance and be- 
come of a dirty brown color. It is therefore easy to deterniine the 
condition of the mildew from the general appearance of the infested 
spot. The thick wall of the perithecium is for protection, and the 
spores within do not germinate until after a period of rest, during 
which time the surrounding covering becomes decayed or the spores 
escape by a rupture of its walls. The mildev/" passes the winter in 
the ascosporous condition, just as many of our annuals, like corn, etc. , 
have their vitality concentrated within the seeds or grains that were 
formed by the mother plant ' in autumn. These winter or sexual 
spores find their way to the young, moist surfaces of the growing host 
plant during the following spring or jsummer, and these germinate 
and begin a new mildew spot. 
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(/) PYCNIDIA. 

There is a third form of spore among the Powdery mildews. This 
is borne in pear-shaped bodies called pycnidia, and may be found 
among the filaments along with the young perithecia. The pycnidia 
of the gooseberry mildew are as shown in Fig. 2. The slender spores 
escape in great numbers through a pore near one end. These spores 
are doubtless for the rapid propagation of the fungus during its 
growing season.* * * § 

{g) CKDNDITIONS OF DEVELOPMENT AND REMEDIES. 

As to the conditions favoring the growth of the gooseberry mil- 
dew the following quotations are offered from standard works upon 
fruit culture. Barry f says: 

In northern New York, in Maine, Vermont, and Lower Canada the finest large 
English varieties* are brought to greater perfection than in warmer districts, and 
with good culture almost come up to the English standard. In ^ cold, damp, bottpm 
soil at Toronto, almost on a level with Lake Ontario, fine crops are produced with 
comparatively little difficulty from mildew or rust. This would indicate as a remedy 
a cool soil and situation, and mulching the roots to keep them cool. 

The last report of the American Pomological Society indicates, by 
a table of States, that the gooseberry is grown genemlly between 
the 35th and 45th parallels of latitude where there is a sufficient 
average rain-fall. Only a few States carry the double star for any 
variety, which is the index for their successful culture. Massachu- 
setts, Michigan, Ohio, and Tennessee have each two varieties with 
two stars, and those States may be taken as indicating the range of 
territory best suited to gooseberries. Mr. Thomas^ writes: 

Manuring, high culture, and pruning will in some cases prove sufficient to prevent 
mildew. This may be assisted by the cautious application of salt, either thinly ovct 
the soil or directly upon the plant ; in the latter case the solution should be so ^n 
that the saline taste may just be perceptible. Shading by a thick coat of salt hay 
appears to be an efficient remedy. It should be spread in a layer of several inches, 
or even a foot, in thickness, crowding it down to make room for the branches. 
This should be done in the spring. 

Mr. Roe § thinks that " ' repeated applications of the flowers of sul- 
phur over the bushes from the time the fruit sets until it is ripe is 
nrobablv the best preventive.’^ Mr. Fuller || devotes the most space 
to the consideration of the gooseberry mildew, and says: 

There are many remedies which have been from time to time recommended, and 
thev often appear to be effectual, while in other instances they are of no use what- 
ever. The following remedies against mildew are worth trying, although they can 
not be called radical cures. Scatter fiowers of sulphur over the bushes soon after 
the berries have set, and repeat the application occasionally until the fruit is 
Water the plants with strong soap-suds, or dissolve 1 pound of potash in a ba^el of 
water and then sprinkle the plants once a week with it. Soak fresh-movm hay m 
brine for twelve hours ; then cover the entire surface of the soil about the plaid '\^tn 
this as a mulch. If hops, tan-bark, or other mulch has previously been applied, men 
sprinkle it with salt; a single handful to each plant will be sufficient. All of 
remedies will often fail, but still they are worth trying. Old plants are more l^ble 
to suffer from mildew than young ones, therefore it is best to k eep a su pply or fresh 

*See foot note, page 375. 

f Barry’s Fruit Garden, jmge 477. 

f American Fruit Culturist, page 163. 

§ Success with Small Fruits, page 336. 
j Small Fruit Culturist, page 227. / 
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plants always on hand ; in fact, so lo^ as you can keep the plants growing vigor- 
ously there is but little danger from mildew. I have often seen the foreign varieties 
doing splendidly ia half -shady situations, such as the north side of a wall or fence, 
or in the shade of trees, but such a situation can not be recommended as the best, 
because mildew does destroy plants under just such circumstances. No effectual 
remedy can be given, nor the best locality pointed out, because the experiences of 
different cultivators are so conflicting that the one that appears to be the best in one 
locality would seem to be the poorest in another. Wherever the foreign kinds will 
grow without being attacked by mildew they are certainly far preferable to any of 
our native sorts ; but my own remedy against mildew is to cultivate none t»ut the 
native varieties, for with, these I have never experienced the least trouble nor, as 
yet, had a berry affected by disease of any kind. 

Mr. Fuller names Cluster, Downing, Houghton, and Mountain 
Sweet as the best American varieties. 

From all^ that has been written and said upon the subject it is 
evident that the climate of our country is remarkably favorable for 
the development of the gooseberry mildew and especially upo-n the 
foreign varieties which are so successful in England and where up- 
wards of two hundred gooseberry shows are held in a single 
season. Our wild species of gooseberry are better adapted to the pe- 
culiar climate that here obtains, and, even though some of them do 
mildew, it is evident that the leading steps of progress in gooseberry 
culture, must be taken by developing our native stock through judi- 
cious culture, breeding, crossing, etc. The European horticulturists 
started with native wild species and have achieved: wonderful success, 
and it may be true that remarkable results may be obtained in this 
country. This would be striking at the root of the matter. 

Until the experimenter can develop a variety that will withstand 
the mildew perfecitly, the gooseberry-grower must resort to one or 
more of the standard remedies. It has been shown that the trouble 
is one confined to the surface and may be quite readily reached by 
fungicides. The gooseberry mildew is very similar in structure and 
habits to the Powdery mildew of the grape, and it is doubtless true 
that the same remedies will prove effective in both cases. The 
writers of fruit culture who have been quoted in this paper are in 
favor of placing flowers of sulphur first upon the list of remedies for 
the gooseberry mildew. They are perhaps not sufficiently emphatic 
in the statement that this substance should be applied early in the 
season and repeated at frequent intervals for two or three months. 

It is evident that whatever is employed to destroy this mildew will 
be most effective when applied while the spores are least protected. 
Therefore, the remedy should be applied for killing the conidial 
spores just before they begin to ripen and for the ascospores before 
they become surrounded by the thick perithecial wall. The best 
time is when the perithecia are beginning to form and are still in a 
soft, tender condition. Best of all, the fungicide is most effective 
when applied while the mildew is first beginning to establish itself 
upon the host. This would be the application of the well-established 
principle of an ounce of prevention being worth a pound of cure. 

The trouble is a living plant and, therefore, no rule can be laid 
down as to the dates of applying the substance to destroy it. It is a 
safe rule to sulphur the bushes as soon as the first leaves are fully 
formed, and repeat the process every ten days during the most rapid 
growth of the canes. This rule would cover the period of flowering 
and the early development of the fruit. If the young" leaves and 
stems can be kept free there will be only little occasion for sulphur- 
ing the young fruit. * 
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A preparation of snlphnr, lime, and water called ‘liquid grison” 
has proved an effective remedy for the powdery mildews. Three 
pounds each of sulphur and lime are boiled in 6 gallons of water un- 
til the whole is reduced to 2 gallons. The clear liquid is poured 
off from the top and mixed with 100 parts of pure water, when the 
remedy is ready for use. The preparation is best applied through a 
spraying watering-pot or hose pump with a fine nozzle. This sub- 
ject is fully treated under powdery mildew of the grape” in Bul- 
letin No. 2 of the Botanical Division, pp. 26-28. The gooseberry- 
grower who is troubled with the mildew should try one or more of 
the recommended remedies for the downy mildew of the grape, and 
note the results. The following is especially urged for^ trial: 1 
pound powdered sulphate of copper, 10 pounds air-slaked lime, and 
15 pounds flowers of sulphur. Mix thoroughly and a{)ply with a 
sulphuring bellows. Evident success in the treatment of this disease 
has attended the use of sulphide of potassium. Spray the bushes 
when first attacked with a solution containing one-half to 1 ounce of 
the sulphide to the gallon of water. * 

The, Powdery mildews are lovers of dry, hot weather, and there- 
fore care must be observed not to credit to any particular remedy 
what belongs to the season. Remedies need to be tested for a term 
of years to establish their value. With a proper use of fungicides 
and the improvement of our native species of Rihes and their crosses 
with foreign sorts, there is no reason why gooseberry culture may 
not be profitable in the United States. 

14. — Smut of Indian CoEN.f 
Ustilago Zece-Mays, 

(Plates XII, XIII, XIV, XV.) 

(a) HISTORY. 

Corn Smut, in common with the smuts of other cereals, has re- 
ceived the attention of agriculturists and botanists from an early 
time. The earliest article in which Corn Smut is distinctly treated 
and given a name was published anonymously in 1760 ; the name was 
Lycoperdon ZecB, 

Most early writers and even some in the first quarter of this cen- 
tury considered smuts to be excrescences or degenerations, products 
of the plant or a symptom of sickness. Linnaeus and J ussieu, how- 
ever, recognized them as plants. The Corn Smut was long considered 
only a variety of the wheat smut and first was designated a variety 
in 1805 by DeCandolle, J who called it Uredo segetum, yar. Mays Zece, 
In 1808 this author refers it, apparently for^ the first time, to the sub- 
genus Ustilago, and under that subgenus it is called Uredo segetum 
var. Zece Mays, In 1815 he recognized it as a distinct species and 

called it Uredo Maydis. ^ -.14. 

The first mention of it as an American fupgus appears to be that 
of Schweinitz,§ in 1822, by whom it was called Uredo ( Ustilago) 

* Arthur, Sixth Rept. N.Y. Exper. Sta., 1887, p. 348. 
f By A. B. Seymour. 
tFl.Fr.,II, 596. 

§ Syn. Ring. Car. . p. 71. 
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and described as occurring in the ear. Some peculiarities in the 
description led Link, Tnlasne, and European botanists who have 
followed them to suppose that it was different from the European 
form. Tulasne therefore called the American form Ustilago Schwein- 
itzii, and in this he has been followed by Fischer de Waldheim in 
his recent works. But Bavenel,* as early as 1848 (the year after the 
publication of Tulasne’s paper), stated that Schweinitz’s and Tu- 
lasne’s names were synonyms. 

In the practical study of smuts, Prevost appears to have been the 
first to gain any valuable -results. In 1807 he made the first obser- 
vations on the germination of the spores and maintained that the 
smut as a parasitic fungus was the cause and not a mere accom- 
paniment of the disease. 

Meyen, in 1837, first studied the spore formation in the corn. His 
observations were partly confirmed by Leveille two years later. This 
was more fully made out by DeBary and published in 1853. In 1858 
Kuhn published the results of his investigations, which were quite 
complete as regards Indian Corn Smut. He left undetermined the 
mode of entrance of smuts into their host plants except of the bunt 
of wheat. This was discovered by Wolff for wheat smut and sev- 
eral other species, and soon afterwards by Kuhn f for Indian corn. 
This apparently completed the cycle of development, but it was left 
for Brefeld to discover a mode of germination and growth wholly 
unsuspected. In previous attempts to germinate the spores they 
had been placed in water or a moist atmosphere. Brefeld sowed 
therq at first by accident, in a nutrient solution, an infusion of 
manure. His mass of dry spores was accidently thrown to the floor, 
and a dust-like cloud of spores was scattered throughout the room. 
Some fell into a nutrient solution which was in use for other cult- 
ures and there germinated. This experiment was afterward re- 
peated many times with the same result. They grew by budding 
like yeast and could continue to grow in that manner for an indef- 
inite period ; but when the nutriment was exhausted they would form 
mycelial hyphee in the normal manner. J 

(5) EXTERNAL APPEARANCE. ^ 

(Plate XIII.) 

There is nothing in the external appearance of the corn to indicate 
the presence of a parasite in its tissues until about the time of flower- 
ing. Then it shows itself in the form of swellings of such a nature 
that the Germans call it ^‘^boil smut.” These swellings vary in size 
from that of a pea to more than that of a man’s fist, and mark the 
place where the spores are formed. With few exceptions all the 
kinds of smuts, over one hundred in number, form their spores in 
some definite place in the plant, most commonly in the floral organs. 
Corn Smut is the most marked exception to this, for it forms its spore 
masses in any part of the plant except the roots. 

* Fung. Car. Exs. , IV, 100. 
t Bot. Zeit., Vol. XXXII, p. 122. 

t For fuller accounts of the history and literature of the smuts the reader is re- 
ferred to the works of Tulasne, Fischer de Waldheim, and Brefeld. 
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The stem sometimes bears spore masses close to 
the surface of the ground, as stated by Kuhn, and 
as observed also by the writer. From this place 
to the tips of the tassel they may occur at almost 
any point. The ear is oftenest affected, especi- 
ally the grains of corn upon the ear (Plate XIII, 
Fig. 1). It is rare that all the grains are af- 
fected at once; there are almost always some 
good ones. The bracts at the base of the ovaries 
or young grains become greatly distorted (Plate 
XIII, Figs. 1-14), and the husks inclosing the ear 
much more so. When the smut forms a ring 
around the middle of the ear the grains above 
are often aborted (Plate XIII, Fig. 1). In the 
staminate flowers (tassel) the swellings are not so 
large. The presence of the fungus does or some- 
times does not prevent the formation of pollen, 
and the swelling which precedes the appearance 
of the powdery mass is not usually formed till 
after the pollen ripens. 

Less frequent, but by no means rare, are the spore masses in stems, 
leaves, and sheaths. Those on stems (Plate XII, h) often have a con- 
siderable size, but upon leaves especially they are smaller and less 
luxuriant in appearance, sometimes no larger than a pea. 

The form of the swellings is in general rounded oblong, but usually 
broader at the free end and narrowed at the point of attachment. 
They are covered by a whitish or lead-colored membrane, tightly 
stretched at first, but later becoming wrinkled and bursting to allow 
the escape of a mass of powdery spores (Plate XIII, Fig. 13). If a 
swelling is cut open when young it appears slimy and spongy; in 
color uniformly whitish. An older one will be found to contain 
certain blackish spots or stripes (Plate XIII, Figs. 3, 8, and 14), and at 
length the whole mass becomes blackish-brown. At this stage the 
membrane bursts and the spores are blown away. 



Fig. 3.— Staminate flowers 
(tassel) infested by smut 
(after Peck). 


(c) THE FUNGUS. 

The fungus is found within the corn plant when the latter is quite 
young, and during the vegetative period, up to the time when spore 
formation takes place it consists only of mycelium. Tins necessa- 
rily begins its growth near the surface of the ground, since it enters 
when the corn is very young, and as the latter grows in height 
the mycelium also grows upward toward the place where it is after- 
ward to form its spores. It lies mostly parallel to the paid in which 
it is growing, and in soft tissues extends as a uniform thread for a 
distance equal to the diameters of several plant cells; hut at intervals, 
especially where the cell walls are firmer, branching takes place 
(Plate XIV, Figs. 1 and 2), and a plexus of filaments is frequently 
formed, as are also haustoria or suckers, the special organs for ab- 
sorbing nutriment. These are most abundant in the leaves. The 
thicker the cell walls which the mycelium penetrates, the more plen- 
tiful are the suckers. The cob of a diseased ear contains numerous 
mycelial threads, penetrating between and through the cells, and is 
a favorable place for microscopic examination. The tips of mycelial 
threads are quite pointed and firm, which enables them to penetrate 
cell walls (Plate XIV, Fig. 2). When young the mycelium is so deli- 
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cate that it is seen with difficulty, but when older the walls of the 
filaments are thick and have a double contour, as of a tube within 
a tube, and the protoplasm is to be seen in the middle (Figs. 2 a, and 
3). The color is a peculiar glistening opalescent or bluish- white; but 
the threads are often enveloped by a coating of cellulose and ob- 
scured by it so as not to be easily detected. It is difficult to trace the 
fungus from the place of entrance to that of spore formation because 
the intermediate mycelium dies out or is absorbed. 

The fruiting time of the corn is also that of the fungus; and its 
spores are most commonly formed upon the young kernes or contig- 
uous parts. 


(d) SPORE FORMATION. 

(Plate XIII, Figs. 15-17, and Plate XIV, Figs. 5-13.) 

The first step toward s;pore formation is the branching of the 
mycelial threads in the place where spores are to be formed. The 
spore-forming threads branch in a bush-like manner, and the branches 
formed are very slender. These, in their turn, branch repeatedly; 
at length a very com]3licated mass of branches is formed. This in- 
crease in the fungus causes the swelling of the plant, and the ma- 
turing of the spores completes the swelling. The latter consists, in 
addition to the mass of fungus threads, of an abnormal multiplica- 
tion of the tissues of the host plant. The tips of the branching 
threads become swollen and distended with protoplasm and have a 
color and appearance similar to that of the mycelium; in this pro- 
toplasm granules a^ear, each of which is to become a spore (Plate 
XVI, Figs. 9-11). These gradually increase in size and the filament 
becomes considerably distended, so as to resemble a short string or 
cluster of beads. 

The development is now very active, and lateral protrusions or short 
branches are frequently formed. Soon cell walls are formed across 
the filaments, one between every two of the nuclear forma^tions. 
The distending results in a roundish cell for each of these. The 
cell walls become gelatinous, which gives the slimy character to the 
mass of smut. As the spores approach maturity the gelatinous 
walls are gradually absorbed, as are also the mycelial threads, so 
that at maturity very little remains but the dry, dusty spores. Those 
in the center of the mass mature later than those outside, and when 
the latter are dry the former may be found still slimy. 

The spores (Plate XIII, Fig. 17) are globose or roundish-oblong in 
form, and the central mass of protoplasm is inclosed by a double 
wall, the inner colorless, the outer brownish-black and thickly cov- 
ered with slender points. This outer wall is similar to that of pollen 
grains. Their size is from .00036 inch to .00048 inch (9/-^ to 12/^), or 
about 25,000 laid side by side would measure an inch. 

(e) GERMINATION. 

Vitality of spores and time of germination . — Kiihn states that the 
spores germinate with difficulty or not at all in water, but thsit in a 
moist atmosphere they germinate readily in October, and reach the 
formation of conidia in twenty-four hours. Fischer de Waldheim 
obtained similar results. Brefeld also failed to germinate the spores 
in water in the fall. He found, however, that in the spring ger- 
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mination took place in water very readily. He holds this to he the 
general rule. In April one-half the spores used in the experiment 
germinated in water in two days. According to his observations 
spores will retain their vitality for as long as two years. At that 
age they will not germinate in water, but will germinate in a nutri- 
tive solution. This takes place less readily than when they are about 
six months old, but having germinated they grow with as great ac- 
tivity as fresher spores. 

Manner of germination , — When the spores germinate in water or 
a moist atmosphere the process is as follows: The inner coat and con- 
tents swell, burst the outer coat, and protrude as a tube (Plate XIY, 
Fig. 12, a-d) called the promycelium, into which the protoplasm passes. 
Several cross partitions are formed, dividing the filament into several 
cells. At these and at the tip spore-like bodies, conidia or sporidia, 
are formed (Plate XV, Fig. 1). In many species of smuts the spo- 
ridia unite or conjugate in pairs; their contents coalesce and from the 
resulting body a filament grows which may enter the tissues of the 
proper host plant. The Corn Smut, however, is especially character- 
ized by the absence of this process. The sporidia germinate singly 
and produce mycelial threads (Plate XV, Fig. 4, a), which may pene- 
trate the tissues of the corn plant. 

This is the normal mode of germination, but another mode, dis- 
covered by Brefeld, is of great scientific interest and practical impor- . 
tance, and to neglect to consider it in practice may render all remedial 


efforts useless. 

When the spores were sown in a nutritive solution the conidia did 
not germinate by tubes, as described above, but by budding like yeast 
(Plate XV, Figs. 3 and 4). The cells soon become detached from the 
spore, and the growth continues in this manner, each conidium pro- 
ducing, by budding, bodies like itself, which become detached and in 
turn form buds as before, and the entire growth is of this kind (Plate 
XV, Fig. 4). 

But if the nutriment becomes exhausted, these yeast-like cells form 
mycelial filaments which bear conidia as when the spores germinate 
in water (Plate XV, Figs. 5 and 6). Bref eld’s experiments were fre- 
quently made in a drop of the nutritive fiuid, in order to keep them 
within bounds for microscopic examination. In some cases the ex- 
periment was varied by adding another drop when the nourishment 
in the one was exhausted, and when this was done the budding growth 
was renewed and continued as before. It was found that this mode 
of growth would go on indefinitely if nourishment was within reach 
of the fungus. This same thing has been found to take place in na- 
ture, in the dung of animals that have eaten smutty corn, and the 
same may be expected to take place when any smutty corn finds its 
way into manure piles. Thus its vitality may be preserved indefi- 
nitely, and it is ready to form mycelial tubes and enter the corn when 
the latter is planted in ground fertilized with such manure. ^ 

This form of the fungus being in active growth is perhaps in better 
condition to seize upon the young corn than the spores are, especially 
after the first spring. 

Manner of entering the host , — For a long time all efforts to discover 
how the fungus gained entrance into its host were unsuccessful, ex- 
cept in the case of the bunt of wheat observed by Kuhn. The my- 
celium was found in very young corn plants and hence was believed 
to gain entrance at some part of the plant near the surface of the 
ground. Wolff finally observed the penetration of several species of 
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smut, including that of wheat. It was Kiihn* again who, sixteen 
years after his first results were published, finally discovered the 
penetration of the mycelium of Corn smut into its host. He found 
that mycelium from the germinating spores entered at the root node 
and the lowest joint of the stem, i, e., at the most tender part, and 
only when the corn was young; when it is old the smut apparently 
can not get in. This may be turned to practical account in preventive 
measures as described under remedies. 

(/) DISTRIBUTION AND SEVERITY. 

Prof. W illiam Trelease has recently found Corn Smut growing upon 
Euchlcena luxurians. With this exception it is confined to corn, so 
far as known, differing in this respect from Ustilago segetum, which 
grows on wheat, oats, barley, and various grasses. 

It is distributed throughout Europe and America. In the cooler 
regions, what corn is cultivated is comparatively free from smut, but 
in regions well adapted to the culture of corn, it is often very de- 
structive. In the valleys of the Rhine and Rhone it sometimes 
destroys nearly the whole crop. In the Rhine valley in 1880, the 
crop harvested scarcely replaced the corn used for seed. In the 
United States the extent of the injury is very variable. Mr. C. 
H. Peck records a case which occurred in 1868. He noticed a field 
of corn near Albany, N. Y., which just before flowering appeared 
as thrifty and promising as any in that county, but later almost 
every hill was attacked by smut, and at least one out of every four ears. 
It was especially injurious to sweet corn about Washington, D. C., 
in 1886. 

Prof. B. D. Halstedf states that at Ames, Iowa, in 1886, the col- 
lege corn-field had sixty-two hundredths of 1 per cent, of the ears 
smutted. Prof. C. E. Bessey states that a destruction of 15 per cent, 
frequently occurs, and in one field he observed 66 per cent, of the corn 
smutty. 

It is generally believed that wet weather is favorable to smut, and 
that corn is likely to be, and is, badly damaged in a wet season. 
A correspondent of the Country Gentleman, in September, 1878, writes 
that a wet season has been accompanied by much smut. Tulasne 
states that in 1846, a- dry season, the corn crop in the valley of the 
Rhone was partly destroyed, and says the smut may be very injuri- 
ous in very dry years. Prof. W. H. Henry states that the smut was 
very destructive about Madison, Wis., in 1881, causing a loss of 5 
to 25 per cent, of the whole crop, while in 1882 there was very little 
smut. The writer observed that corn was badly smutted in north- 
ern Illinois in the summer of 1881, which was very dry. I 

(g) NATURE OF INJURY CAUSED BY CORN SMUT. 

During nearly the whole growth of the corn the fungus is growing 
within it. It produces little apparent effect until the time of fruiting, 

*Bot. Zeit., Vol. XXXII, p. 122. 

fBull. Iowa Agr. Col., Noy., 1886. Professor Halsted writes me, the summer 
of 1887, like that of 1886, was a very dry one at Ames, and that in 1887 the smut 
was very abundant. 

:j; In many corn-fields in Texas, as far west as El Paso, I observed more or less Com 
Smut the past summer. The season was very dry. — F. L. S. 

AG 87 25 
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but at all times it takes from the plant some of the materials tlm 
latter prepares for its own growth.' At the time of fruiting the 
amount thus taken is very large^ necessarily weakening the activity 
of the plant, and especially injuring such of the grain as is not directly 
infested and destroyed. This is very evident when the smut is formed 
in the middle of the ear and the grains above are aborted. - But an 
' ear having any smut at all is practically destroyed. It can not be fed 
to cattle, &cause the spores will get into the manure and spread the 
infection. 'Smutty fodder can not be used for the same reason. The 
smut is believed to be poisonous to cattle, and many cases of in- 
jury or death have occurred supposed to result from feeding smutty 
ears or fodder. In medicine Corn Smut is used to some extent in 
place of ergot, its action on the animal system being the same. 

It is worthy of notice that the time of greatest injury to corn from 
smut is at the time of fruiting. It may be that the great effort on 
the part of the plant to mature its fruit leaves it less physiological 
power to resist the parasite, and it is at this time that an abundance 
of material suited to the growth of the fungus is formed, especially 
in the ear. 


(h) TREATMENT. 

It is as certain that Corn Smut can not originate sponteineously as 
that the corn itself must grow from seed. The destruction of the 
spores, then, means the reduction of the smut sooner or later; but 
co-operation over wide areas is necessary, since the spores are light 
and may be carried in the atmosphere more easily than ordinary dust 
particles. Any remedy must be thoroughly tried before being con- 
demned for apparent failure (one year is not sufficient), and every 
source of error must be guarded against. However ca;refully the 
smut is cut out and burned, if manure with which is intermixed smut 
of previous years is applied to the land the remedy will probably 
be ineffective, because the spores germinate in the manure. 

Destructive treatment , — Cutting out should be practiced intelli- 
gently and persistently, and farmers should co-operate. The smut 
should be cut out as early as possible as soon as it gives the first 
evidence of its presence by the swellings it jproduces and before any 
of the spores burst through the epidermis. Corn is probably the 
only crop in which the smut becomes evident long enough before 
maturity to make treatment effectual, or at least possible,. As soon 
as the spores begin to break out they will be scattered far and wide 
over the whole field. Any ears that are partly smutted and are 
overlooked till the husking should not be thrown in with the rest of 
the corn, for two reasons: They will scatter their spores, and if in 
large (quantities will injure the cattle eating them. If any smuttv 
stalks are standing when the corn is cut they should not be cut with 
the rest, but ^ kept separate and destroyed. Masses of smut are 
greedily swallowed by cattle with the rest of the corn, and are liable 
to produce disease and death; A correspondent of the Country Gen- 
tleman, September 12, 1878, reports the loss of several head of cat- 
tle and sheep from this cause. Diseased parts cut out should be 
completely destroyed, not thrown upon the ground nor into a ma- 
nure or compost pile. The spores may germinate and grow for an 
indefinite period, as already shown, and when the manure is applied 
to the field they will be ready to seize upon young corn and pene- 
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trate its tissues. One writer suggests feeding to pigs; but this should 
never be done, for if the smut does not injure the pigs the spores 
will pass through the intestines without injury to themselves and 
infect the manure. 

Farmers will urge that they can not afford the time or money neces- 
' . sary to cut out the smut. In answer to this objection Professor Bes- 
sey makes the following estimate:'*' 

A 40-acre field should produce at least $800 worth of corn. There is rarely less 
than one smutty ear to one square rod. This amount would be 2 per cent, of the 
crop and would be worth $16. Each additional smutty ear per square rod destroys 
$16 worth of corn in the field. Will it not pay to save annually a loss of 2 per cent, 
and upward, and occasidnally a loss of 15 to 25 per cent., $120 to $200, for a field of 
this size? 

Selection of seed, — Much may be gained by selecting for seed the 
largest and most perfectly developed grains. Experiments have 
shown that this will insure a larger yield, and it is also true [ ?] that 
corn from such seed is less liable to suffer from smut. Weak plants 
can offer less resistance to the attack of the fungus, as a weak man 
can less effectively resist disease. Thrifty plants can better mth- 
stand the smut if it gains entrance, and are more likely to escape its 
entrance, because they more quickly pass the stage at which the smut 
is known to enter them. 

Application of remedies, —Any outward application to the growing 
corn would be useless if it could be made, because the fungus is en- 
tirely within the tissues of the host until after the damage is done. 

Various applications have been tried to destroy spores adhering to 
grains. They have been made for this purpose to wheat, and 
there is no apparent reason why a remedy whould not be as effectual 
in one case as the other. It seems to be generally agreed that lime 
water is not effective. A weak solution (| per cent.) of sulphuric 
acid is recommended for corn by some German experimenters. 

Copper sulphate (blue vitriol) has been most used and with good 
results. One experimenter with copper sulphate for Corn smut re- 
cords that no perceptible benefit was gained. If he fertilized the field 
with manure in any way infected by smut spores, which is not un- 
likely, it would be a sufficient reason to explain the failure. The 
method of application which prevails in Europe differs from the 
American method. The former is fully described by Sorauer in his 
work on plant diseases. He recommends a weak solution and long 
soaking; a iper cent, solution of sulphate of copper and sixteen hours 
soaking he considers best. The solution should cover the corn deeply 
enough so that none shall be exposed when the latter swells, and the 
mass should be stirred well and all the grains that float skimmed off. 

Sorauer states that a X per cent, solution kills 4 per cent, of tlie 
seed in twelve to sixteen hours. After soaking, the grain is spread out 
on a flat surface to dry, and it should be sown soon afterwards. It 
IS dry enough for hand sowing in a few hours and for the drill in 
twenty-four hours. ■ ' 

The practice in America is quite different. Strong solutions are 
used and 'the grain is immersed only a short time. The following 
descriptions of the process as applied to wheat are by men who have 
had practical experience and know how to make the treatment ef- 
fective: 

* bulletin Iowa Agricultural College, 1884, p. 129? 
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Fram. a published letter by Hoil. Horace Davis, member of Con- 
gress from San Francisco^ and the largest miller on the Pacific Slope: 

i : - ^ 

In early times we were much troubled with smutty wheat, but have little now, 
owing to the use of blue-stone on the seed by the farmers. I have seen fields' 
where part of tlie seed was treated with blue-stone and part not, and the difference 
was as plain as between a field of barley and of oats. It is hard to give any exact 
rule as to application ; the most practical farmers tell me they use 6 pounds to each 
ton of seed- wheat. It is dissolved in water enough to wet this quantity of wheat, 
and the wheat is put into bags, say 50 to 60 pounds, and immersed in the solution 
for six or seven minutes, just enough to wet all the wheat. Then it is taken out 
and laid on sloping boards at the end of the trough to drain. The solution is put 
into a trough built for this purpose, something like a horse-trough. The bags are 
turned over frequently in this solution to insure the wetting of all the wheat. 
You can rely upon it that blue-stone is a dead shot for smut in California. By 
blue-stone I mean the sulphate of copper. 


Extract from a published letter on this subject by Prof. E. W. 
Hilgard, University of California, College of Agriculture : 


As regards the blue-stoning of seed- wheat, the solution used is as strong as it can 
be made at the ordinary temperature. Such a solution contains about 3 pounds of 
blue-stone to 5 quarts of water. The time of immersion varies somewhat ; the 
most definite description given is that a half sack should remain in the saturated 
solution at least three minutes, and be turned about several times in 1:he interval to 
make sure of wetting thoroughly. When a weaker solution is used the grain may 
be left with it until it begins to sprout. The sacks are usually left unopened until 
used for sowing. There is no drying done on purpose, unless it is to be used in the 
seed-drill. It will work perfectly with the centrifugal sower without drying. In 
general I would be in favor of the strong solution and short immersion. The work 
is then done quicker, and if the grain is afterward left in the sack for some hours 
the application is sure to be effectual. Again, the strong solution is more certain 
to render the grain distasteful to birds and insect enemies, and gives a margin for 
killing fungoid germs round about the young seedling. There seems to be little 
danger to the vitality of the seed from the blue-stone. Of CQurse the blue-stone 
will not prevent the smut germs left over in the fields from previous seasons from 
attacking the developed plant. It simply kills the germs in [on] the seed that 
would otherwise develop along with the latter, and take the plant in its early 
stages. A field that has been very smutty during the previous season will be apt 
to show some on the grain of the next one despite blue-stoning, but persistence in 
the practice will be sure to put an end to the fungus germs, save so far as they may 
be furnished by kind neighbors above the wind. 


Prof. M. A. Scovell, director of the Kentucky Experiment Sta- 
tion, writes as follows in the bulletin of the station of September, 
1887, p. 14 : 

This disease (smut) was in all our wheat last year, consequently our seed- wheat 
contained smut grains. To prevent its recurrence this year all our varieties of 
wheat were treated with a solution of blue vitriol (blue-stone) before sowing. The 
method of applying the solution of blue vitriol was as follows : Ten pounds of blue 
vitriol were dissolved in 8 gallons of water, and the solution placed in a tub. The 
seed- wheat was put into the solution and well stirred, care being taken not to put 
enough wheat in to come to the top of the solution. After skimming off floating 
wheat and particles, the solution w'as poured off into a second tub, the wheat 
drained, and spread on boards to dry. The solution was re-used as often as we had 
v/heat to treat in this manner. 

This treatment proved entirely successful, not the least smut appearing in any of 
the plots where the seed had been treated in this way, while the plot planted for 
comparison, without treating the seed wheat, contained about the same amount of 
smut as last year. * 

It was thought that by having the solution cover the wheat the smut grains 
would float, and in this way all but adhering spores would be removed, and these 
would be easily killed by the copper sulphate solution. 

All other preventive measures will be likely to be of little avail if 
thp manure put upon the land is contaminated with smut spores 
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from smutty corn fed to stock, or smutty stalks tkroWn into the 
manure pile, or from whatever source. * 

Brefeld’s investigations, described under germination, show how 
manure may spread infection. A direct demonstration of this point 
by Morini is quoted by Sorauer. Bran with which Corn smut spores, 
were mixed was fed to a cow. The dung in which the spores were 
found germinating was put upon a piece of land with corn seed. The 
resulting growth of corn was, as a whole, smutty. Of thirty others 
dampened with gum water and covered with ungerminated spores 
only four plants were smutty. This shows the injury that may come- 
from spores germinating in manure. It does not prove that passing 
through the animal makes them more active. In Brefeld’s experi- 
ments, on the contrary, nearly all spores sown in a nutritive solu- 
tion in the spring germinated within twenty-four hours. It shows 
that every precaution should be taken to keep the smut away from 
stock and out of manure piles. Burying the smut deeply su^ests 
itself as a convenient and efficient means of disposing of it. Burn- 
ing is effective, but care must be taken that spores shall not be car- 
ried away and scattered by currents of air about the fire. Rotation 
of crops should be practiced for evident reasons. 

In Europe two other species of smut occur in Corn and both are 
most prevalent in Italy. Ustilago Fischeri, Pass. , attacks the cob, and 
in Italy, especially about Parma, sometimes destroys half the crop. 

Ustilago Reiliana was introduced into Italy on sorghurn from 
Egypt, and in the former country it grows also on corn, attacking the 
flowers of the tassels. 


15. — Corn rust. 

j 

Puccmia Maydis, Carr. 

(Plate XVI.) 

(a) HISTORY, 

Mention of the Corn Rust is conspicuously absent in the works 
' of leading mycologists in the early part of this century. Probably 
it was not common in Europe at that time and it may have been con- 
founded with other species. 

The only mention of it in those early years, so far as known, was 
by an Italian writer, Carradori,f whose name is scarcely known 
otherwise to mycologists. He described it in 1815 under the name 
P'uccinia maydis, ScliweinitzJ (1834) is the next to mention it, and 
the first to record it as American under the name oi Puccinia sorglii. 
Later several European botanists gave it names, each one supposing 
that he had found it for the first time. It causes less injury than 

* When stable or barn-yard manure is used as a fertilizer a possible prevention of 
smut might be found in David’s powder (see page 328). 

Immediately previous to j)lanting, the seed-corn should be wet, and while in this 
condition thoroughly raked over in the powder ; or, a spoonful of the powder 
should be dropped along with the seed in each hill. Avoid handling the powder 
with the naked hands. — F. L. S. 

fllioru di Fisica, etc., del Brugnatelli, 1815, Vol. VIII. See Just. Jahresb^jricht, 
1876, p. 152. 

X Syn. Fung. Ain . Bor. , p. 295. 
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ihe smut and consequently has received less attention from practh 
cal men. Its life history has not been especially studied, but that of 
several related species have been, studied very fully. The best prac- 
tical article upon it in English is that by Mr. C. H. Peck in his 
thirty-fourth report. 


. (b) EXTERNAL APPEARANCE. 

Corn rust is very similar to the rust of wheat, but still specifically 
distinct. It does not grow upon the floral organs, but so far as ob- 
served is confined to the foliage, where it appears as small pustules. 
After the middle of the summer the pustules begin to appear on 
either or both surfaces of the leaves. At first they are covered by 
the epidermis and are whitish, but they soon swell sufficiently to 
break the latter, whose lacerated edges may be seen standing up 
around them. Thus the pustules become exposed, and at the same 
time the spores which they contain are matured and ready to be 
disseminated. The pustules (called sori) are collections of spores. 
Thesori are roundish, or oftener somewhat elongated in form, scat- 
tered irregularly ; but sometimes they are clustered, and then they tend 
to be arranged in lines parallel to the length of the leaf. 

The earlier pustules, if examined carefully, will be found of a 
bright, rich, yellowish-brown color; the later ones almost black. 

(c) THE FUNGUS. 

This difference in color indicates two different kinds of spores; but 
they are frequently found intermingled in the same pustule, and are 
produced from the same vegetative fungus threads (mycelium) within 
the leaf. The brown spores (iiredospores), which are the earlier, 
correspond to the so-called red rust of the wheat. A section through 
a pustule shows that each spore is borne on a slender stalk, from which 
it easily falls. The shape is nearly spherical (Plate XVI, Fig. 2), and 
the comparatively thick wall or coat of the spore is covered with 
minute projections. The diameter is about one one-thousandth of an 
inch or a trifle more. In the protoplasmic contents drops of oil are 
sometimes seen. The vitality of the spores is of short duration. 
They must germinate within a limited time if at all. It is believed 
that they are killed by becoming dry, and that they do not survive 
the winter. The black pustules (Plate XVI, Fig. 1) are composed of 
dark-colored spores (teleutospores) having a very different struct- 
ure and function. The stalks which bear them are stronger and do 
* not separate from them. Each spore is broadly elliptical in outline, 
with both ends rounded, or with the apex occasionally thickened and 
pointed (Plate XVI, Fig. 3). The surface is smooth. A partition is 
placed across the middle which divides the interior of the spore into 
two cavities. At germination each part may germinate independ-' 
ently, so that this may be called a double spore. At the partition the 
spore is constricted and it is twice as long as broad; some are a half 
longer and broader than others, and the largest are a little narrower 
than the diameter of the iiredospores. They measure .0006 to .0009 
inch by .0012, to .0018 inch. These may be called resting spores, be- 
cause they remain dormant through the winter aiid germinate the 
next season, again producing the rust and thus perpetuating its ex- 
istence. It is not knov^rn to have any third form of spores (eecidium) 
such as the common wheat rust produces upon the barberry. 
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(d; SEVERITY. 

The fungus is always injurious to the corn on which it gro^vs, but 
the extent of the injury depends largely on the age and condition of 
the corn and cUmatic conditions, and is often so slight as to be of 
no practical importance. Certain conditions of the weather may re- 
tard the growth of the corn and favor that of the rust. Ordinarily 
the rust is not noticed till the latter part of the summer, when the corn 
is well grown and not easily injured; but in the first week of July, 
1886, the wufiter observed it repeatedly on the lower leaves of partly- 
grown corn, whose vigor was plainly impaired by it. 

The injury consists (1) in loss of food materials elaborated by the 
plant for its own growth, which the threads (mycelium) of the fun- 
gus, ramifying in the tissues of the corn, absorb for their growth 
and the formation of spores; (2) in destroying the power of sopie of 
the tissues to do their work, and of the chlorophyll contained in them 
to continue the elaboration of fresh food supplies for the corn. 
AWhen coming early in the season the rust is likely to be more than 
Tusually injurious later in the same year, and to continue so the year 
following. 

Thus far the experiments made in combating the rusts have yielded 
.no positive results. 


10. — Erinose. 

Phytoptus vitis, 

(Plate XVII.) 

(a) GENERAL OBSERVATIONS. 

The narhe Erinose is here adopted to designate a special disease of 
the leaves of the grape-vine caused by a minute acarid, the Phytop- 
tus vitis. Formerly the peculiar effects produced by this Phytoptus, 
as well as those caused by other species .which infest the alder, 
maple, beech, etc., were thought to be fungi, and were all included 
by the older mycologists in the genus Erineum. In the case of the 
vine, the effect produced by this little animal parasite bears a strong 
resemblance to the external appearance of the downy mildew, and 
samples have been sent to us from various parts of the country under 
the .supposition that the leaves were infested with the Peronospora. 
As it is very important to be able to distinguish the one, which is 
always to be dreaded, from the other which rarely if ever does any 
serious injury, the peculiar characters of Erinose will be here pointed 
out. 


(6) EXTERNAL APPEARANCE. 

Erinose usually appears in early summer in the form of raised, 
lustrous white spots on the lower surface of the leaves. The color 
soon becomes yellow, and finally a dark reddish-brown. The spots, 
usually small and scattered irregularly over the surface between the 
nerves, are sometimes of considerable size, and we have occasionally 
found leaves of Vitis cestivalis with their lower surfaces entirely 
covered by Erinose. There is no evidence of the disease on the 
upper surface of the affected leaves in the wild or cultivated vines 
of the Eastern and Middle States. If attacked while young they 
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may be prevented from attaining a normal size, and when badly in- ' 
f ested they become more or less curled, with the convex side upper- 
most. On the upper surface of leaves of Vitis vinifera and its varie- 
ties, however, the disease shows not in any discolorations, but oppo- 
site the spots beneath there are conspicuously raised areas imparting 
to the surface a blistered appearance. This results from a greater 
growth or multiplication of cells in the diseased areas than in the 
surrounding unaifected portions. 

(c) MINUTE CHARACTERS (Fig. 1). 

If the lustrous white, or later yellowish, spots are examined with 
a good lens or magnifying glass they will appear to be composed of a 
dense growth of shining hairs (Fig. 1, a, a), with somewhat enlarged 
tips, and this is their true character, as may be determined by a mi- 
croscopical examination. There is no longer any danger of mistak- 
ing these hair-like growths for the downy mildew, for when viewed . ' 
under the microscope there is not even the slightest resemblance be - a 
tween them, as may be seen by comparing Fig. 2, Plate XVII, of this^ 
report, with Fig. 10, Plate I, in the annual report for 188G. In the for^ 
mer figure, which illustrates a transverse section through one of the 
spots effected with Erinose, the microscopical characters of the dis- 
ease are illustrated. The cells composing the tissues of the leaf are 
seen to be abnormal in their development, while the epidermal cells of 
the lower surface are elongated into hair-like projections, sometimes 
branched above, and with rounded and more or less club-shaped tips. 
The cause of this abnormal growth is the Acarid, two specimens of 
which (Fig. 2, b h) are shown in the figure equally magnified with 
the section. To the naked eye they are barely visible, ' even when ^ 
placed upon a surface of contrasting color; it is quite impossible to 
detect them on the spots without a good magnifying glass. These 
parasites puncture the epidermal cells of the leaf, from the irritating 
or poisoning effects of which the abnormal growths and consequent 
spots are developed. 

Phytoptus vitis lives mostly in the larval state, the condition illus- 
trated in our figure. The adult stage is found only in the spring, 
and then but for a brief period. When it comes out of the egg it 
possesses four feet, situated upon the anterior part of the body, which 
is composed of several rings; the skin is striated and furnished with 
four stiff hairs upon each side of the body, and two long bristles are 
fixed in the posterior extremity. The larvse multiply during the 
summer by means of parthenogenetic eggs (Fig. 2, c). At the ap- 
proach of winter they become encysted and hibernate under the 
scales of the buds or in crevices of the bark. In the spring the cysts 
are ruptured and from them come six-footed larvae, which soon 
develop two additional feet, thus passing into the mature stage* - 
The adults die immediately after the eggs are laid, the latter giviitg 
rise to the four-footed larvse above described. * ^ 

(d) DISTRIBUTION, EFFECTS, AND TREATMENT. 

Erinose is widely distributed throughout the country, and may be 
looked for wherever the vine is cultivated. We have seen it in Xew 
Jersey, District of Columbia, Texas, and California. It is nowhere 
particularly injurious, and only in very rare cases does it ever make 

* P, Yiala, “ Les Maladies de la Vigne,” p. 451. 
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any difference in the quantity or quality of the crop. however, 
it attacks very young leaves it may be harmful and some treatment 
be necessary. Repeated applications of sulphur, made when the 
shoots are 3 to 5 inches long, will check the multplication of the 
Phytoptus, Washing the vines after they are pruned in early spring 
with boiling water will destroy the eggs and larvae concealed within 
the bud scales and crevices of the bark. 

F. Lamson Scribner. 
Hon. Norman J. Colman, Com/niissioner. 


EXPLANATION OF PLATES. 

Plate I. 

strawberry-leaf blight (sph^rella fragarial). 

I ^ 

Fig. a. Diseased leaf, natural size, attacked by, the summer stage of the fungus. 
(G.M.,pinx.) 

Fig. b. Tuft of conidiophores and conidia which have broken through the upper 
epidermis. (E. A.S., del.) 

Fig.c. Conidia more highly magnified; three of them have sent out germ fila- 
ments, (E.A. S.,del.) 

Fig. d. Perithecium bearing conidiophores around the ostiolum. (E. A. S., del.) 

Fig. e. Section of perithecium, showing asci within. The asci are borne upon a 
small mass of parenchyma at their base, a Ostiolum. (E. A. S., del.) 

Fig./. Five asci containing ascospores ; much enlarged. (E. A. S., del.) 

Fig. g. Ascospores. (E. A. S. , del.) 


Plate II. 

APPLE SCAB (FUSICLADIUM DENDRITICUM). 

Fig. 1. Shows the scab on the fruit. 

Fig. 2. A leaf attacked by the scab fungus. 

Fig. 3. A section through a portion of one of the spots on the fruit, showing the 
growth of the fungus ; greatly magnified. 

Fig. 4. Spores of the fungus, greatly magnified ; four of them germinating. 

Plate III. 

BITTER-ROT of apples (GLCEOSPORIUM FRUCTIGENUM ?). — LEAF-RUST OF CHERRY 
(PUCCINIA PRUNI-SPINOSA:). — BEET-RUST (UROMYCES BETA:). 

Fig. 1. Section through piece of rotten apple showing an old pycnidium : a, thick 
epidermis of fruit ; b, fruit perenchyma ; c, mycelium in tissues. The 
hyphae surrounding the pycnidium are composed of a series of short cells. 

Fig. 2. Section showing i)vcnidium and hyphae after the formation of spores has 
ceased ; a, mycelium in fruit tissues. 

Fig, 3. A, tuft of spore-bearing hyphae ; a, spore. B, spo es much enlarged ; a, 
surface view ; b, optical section. 

Fig. 4. Germinating spores twenty-four hours in water ; showing dark bodies 
formed on the germ filaments. 

Fig. 5. Germinating spores eight hours in water. 

Fig. 6. Uredospores of Puccinia pruni-spinosce on -pesich. ' 

Fig. 7. Same on plum: a and b, in germination; c, c, germ pores. 

Fig. 8. Paraphyses found abundantly in sori of Puccinia pruni-spinosce. 

Flu. 9. Teleutospores of same on plum: a a, surface view; b b, optical section. 

Fig. 10. Section through portion of sorus (uredo-stage) of Uromyees betca i a a, 
cells of leaf tissue entirely surrounded by mycelium ; b, ruptured epider- 
mis ; c, spores ; d d, pedicels from which the spores have fallen. The 
mycelium masses together in spots beneath the epid ermis forming a stroma 
on which the spores are borne. 

Fig. 11. Uredospores of same: a, germ pore. 
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Plate IV. 

I 

COTTON-LEAF BLIGHT (CERCOSPORA GOSSYPINA). 

/ 

Diseased lea^^^es, natural size. (R. C., pinx.) 

Showing a tuft of dark-colored fruiting hyphae rising from the mycelium 
within the leaf and issuing tlirough the epidermis. Above are shown the 
long, colorless, septate spores. (E. A. S.. del.) - . 

i 

Plate V. 

ANTHRACNOSE OF RASPBERRY (GLCEOSPORIUM VENETUM). 

[ 

Branch, natural size, showing ai)pearance of disease upon the cane and leaves, 
and its effect on tlie berries. The upper portion of the cane is quite 
dead, and the diseased spots extend down on the green portion, along 
the branch and stalk that bears the berries, and over the petiole and mid- 
ribs of the leaf and leaflets. The berries remain unripened, owing to the 
effects of the disease. (R. C. , pinx.) 

Section through a diseased spot on the cane, showing destruction of the 
outer layers of tissue, and the spores {a) borne on the surface and center 
of the spot. (F. L. S,, del.) 

Spores, showing two in process of germination. (F. L. S., del.) 

Plate VI. * 

ANTHRACNOSE OF THE BEAN (GLCEOSPORIUM LINDEMUTHIANUM). 

Diseased pods, natural size. (R. C., pinx.) 

Section through a diseased pod. The section is taken between two beans, 
consequently shows none in the cavity. The diseased portions (a) are 
dark colored ; b, exocarp ; c, endocarp. (E. A. S., del.) 

Another section through a diseased pod, showing an advanced stage of 
the disease and a diseased bean (b) inside the pod ; a, diseased spot, one 
entire side of the pod is diseased and shrunken ; c, small diseased spots 
where the fungus has not penetrated through the exocarp. (E. A. S. , del.) 

Section through a fruiting pustule: a, ruptured, epidermis ; b, mycelium; 
c, conidiophores ; d, brown hyphse; 6, spores. (E. A. S., del.) 

Spores, highly magnified. (E. A. S., del.) 

Plate VII. 

CATALPA-LEAF SPOT DISEASE. 

Section through leaf at the union of a diseased spot with the healthy tis- 
sue: a, healthy tissue; b, diseased spot, in which the cell outlines have 
almost entirely disappeared. , 

Tuft of Macrosporium cataipce emerging from a stoma ; a a, spore-bear- 
ing hyphsB; b b, spores ; c, very young spore. 

Germinating spores of Macrosporium. 

Pycnidium, or fruiting body of Phyllosticta catalpce. The pycnidlum is 
partially sunken in the tissues of the diseased leaf, and the spores are 
borne on rather long basidia which line the inside of the conceptacle. 

Spores, more highly magnified. 

Spores, germinating after forty-two hours in water. 

Plate VIII. 

BLACK SPOT ON ROSE LEAVES (ACTINONEMA .ROS^). 

Diseased leaf, natural size. (R. C., pinx.) 

Enlarged portion of leaf at edge of spot, showing the apparently superficial 
mycelium and two fruiting pustules. (R, C., pinx.) 

Branching strand of superficial mycelium. (E. A. S., del.) 
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PL4TE IX. ^ 

BLACK SPOT 6n ROSE LEAVES (ACTINONEMA ROS^) — ROSE PHRAGMIDIUM (PHRAG- 

MIDIUM SPECIOSUM). 

Fig. 1. Section through healthy rose leaf: a, cuticle of upper surface; h, 'upper 
epidermal cells; c, two rows of palisade cells; d, loose parenchyma; e, 
lower epidermis; /, cuticle of lower surface. All except the epiderinal 
cells are partly filled with chlorophyll bodies. (E. A. S., del.) 

Fig. 2. Section through rose leaf attacked by Actinonerna, showing an early stage 
of the disease. The upper epidermal cells are partly filled with a dark, 
homogeneous mass, consisting of the transformed cell contents; the chlo- 
rophyll bodies in the upper row of palisade cells are disorganized, and the 
process of disorganization has begun in the lower row;^ a shows the hyphae 
between the cuticle and the epidermis; 5, cuticle that has been ruptured 
by the forniation of spores beneath; c, spores borne on an indistinct mass 
of mycelium; d, the mycelium can be seen in the cells of flie upper epi- 
dermis, and evidently pushes into or between the palisade cells, although 
it can not be distinguished below the epidermis. (E. A. S., del.) 

Fig. 8. Very advanced stage of the same. The disorganization of cell contents has 
progressed through the leaf, and the cells are shrunken so as to show th^ 
mycelium between them. Most of the spores have escaped from the fruit- 
ing pustule. (E. A. S., del.) 

Fig. 4. Spores of same, much enlarged. (E. A. S., del.) 

Fig. 5. Teleutospore of Phragmidiuvi iiiucronatum, showing long stalk thickened 
towards the base. (F. L. S., del.) 

Fig. 6. Fragment of rose stem affected by Phragmidium speciosum. (R. C., del.) 

Fig. 7. Teleutospores of P. speciosum. (F. L. S., del.) 

Fig. 8. Same, more enlarged and without pedicel. (F. L. S., del.) 

Plate X. 

* 

ROSE RUST (PHRAGMIDIUM MUCRONATUM). 

Fig. 1. Branch of Rosa hlanda, natural size, showing appearance of the disease in 
the ^cidio-stage on the stem and leaves; at a the branch has been bent 
from {he effects of the fungus. (R. C.,pinx.) 

Fi0, 2. Leaf attacked by Uredo and Phragmidio-stages; the latter is represented by 
the darker spots. (R. C.,pinx.) 

Fig. 3. dScidid-stage. Section through diseased spot occurring on a vein; the spores 
are borne in chains over the back of the vein, and a few paraphyses (a 
may be seen at the circumference of the spot. (F. L. S., del.) 

Fig. 4. Uredo-stage. Cluster of spores and paraphyses. (F. L. S. , del.') 

Fig. 5. ^cidiospores. (F. L. S., del.) 

Fig. 6. Uredospores, separated from their pedicels. (F. L. S., del.) 

Fig. 7. Teleutospores. 


Plate XI. 

POWDERY mildew OF GOOSEBERRY (SPH^ROTHECA MORS-UV^). 

Fig. 1. Mycelium with conidiophores and conidia in rows, as found on the surface 
of the leaf : a, conidiophore; b, conidium. Two conidia are represented 
as having become detached. 

Fig. 2. Three of the so-called “ pycnidia ” of the fungus. Two are represented as 
discharging their spores. (After Tulasne.) 

Fig. 3. The male (a) and female (b) cell united for the production of the perithecium. 

Fig. 4. A young perithecium. 

Fig. 5. A perithecium nearly full grown, showing appendages. 

Fig. 6. Ripe perithecium broken open and tlie spore sac (ascus) coming out. 

Fig. 7. An ascus, showing the eight spores. 


Plate XII. 

smut op INDIAN CORN (USTILAGO ZEA-MAIZE), 

Fig. From photog^§itph» illustrating the appearance of the disease in the ear (a) and 
on the (h). 
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Plate XIII. . 

V . I y 

I 

SAME (AFTER TULASNE). ILLUSTRATING THE EFFECTS OF THE DISEASE. ^ 

, [Figs. 15, 16, and 17 represent the objects magnified about 460 times; all others 

natural size.] , 

Fig. 1. Portion of a smutty ear of white corn; at the base are some sound and ripe 
grains (g); above, the female flowers remain sterile (s), and the bracts 
merely cover the abortive ovaries; the bodies (c c) are bracts made numer- " 
ous by the influence of the Ustilago, which is there developed. 

Fig. 2. Young ovary inclosed by bracts and, like them, swollen by the presence of 
the endophyte; the style is strongly bent down on the inner side. 

Fig. 3. Vertical section of these organs; the wall of the ovary is very thick on the 
outer side and thin on the inner; a rudiment of the ovule is situated at 
the base; the black spots in the thickness of the bracts and the wall of 
the ovary indicate the formation at these points of the black powder of 
the Ustilago. 

Fig. 4, Another smutty ovary cut vertically, in which, besides the rudiment of the 
ovule, is found a thin membrane, ordinarily not smutty, and which is 
united below with the inner surface of the ovary. 

Fig. 5. A bract or husk deformed and monstrously enlarged by the continued de- 
velopment of the smut in its tissue. 

Fig. 6. Transverse section of this bract, in which the presence of the endophyte is 
indicated only in one part, although it occupies uniformly all the tissues 
of the organ. 

Fig. 7. Another smutty bract. 

Fig. 8 . Transverse section of the same. 

Fig. 9. Another of different form. 

Fig. 10. Horizontal section of 9. 

Fig. 11. Two smutty bracts partly united. 

Fig. 12. Transverse section of Fig. 11. 

Fig. 13. Another, more monstrous than the preceding. 

Fig. 14. Horizontal section of 13 (sketch incomplete). The husks acquire, under 
the influence of the Ustilago, a much gTeater development than the 
ovaries, which sometimes fail almost completely. 

Fig. 15. Fragment of the mucilaginous material of the Ustilago, in which are im- . 
mersed innumerable spores not yet mature. 

Fig. 16. Another fragment in which the spores are less developed than in the pre- 
ceding ; on one side of this figure are shown filaments such as are abun- 
dant in the cavities occupied by the endophyte. 

Fig. 17. Dry spores. 


Plate XIV. 


SAME, ILLUSTRATING THE ]MYCELIUM,.ETC. 

Fig. 1. Long, extended threads beginning to ramify, running through a pitli cell 
(in which a nucleus is still to be seen). From the second internode below 
a blighted rachis. 

Fig. 2. A long, extended thread covered with a cellulose sheath and passing through 
many cells. At a the thread shows through, at h is seen the section of 
the cut sheath and of the thread. Cut lengthwise through the rachis 
at the bottom of the ovary. 

Fig. 3. The previous figure at a; a conspicuous piece of thread; in the thread is 
seen the contents; the cellulose sheath is strongly marked. 

Fig. 4. Threads which have become distinctly visible in the cellulose sheath by the ' 
application of potash and iodine. Shown detached from a cell of the 
ovary wall. 

Fig. 5. Thin- walled threads (like the transition form in the spore forming threads), 
with many shoots and fine-grained contents. Parenchyma of ovary wall 
cut lengthwise . 

Fig. 6. Thread become gelatinous ; the contents is indistinctly seen . Fromagela- 
- tinous spore mass . 

Fig. 7. Spore forming threads, with bright oleaginous contentil^ipunning between ' 
the cells. O vary cut lengthwise . = 

I[^G. 8. Gelatinous thread, with a distinct breaking up of the contents for spore 
formation ; the upper part represents the same conditJ^s as Fig. 2. Its 
course between the cells was still, in part, distinctly perceivable. 


1 - 


SECTION OF 'VEGETABLE PA^^HOLOGT. 


397 


\ 

0 MorV^ fransr)arent spores forming in the interior of the gelatipous thiead. 
Fta 10 great number of the transparent spores are seen 

FIG. 10. lengthwise in the stem. The latter appear more trans- 

FiG. 11. A^Pe become brownish, surrounded by the gelatinous membrane o'f the 
f'.lvrp’fi fl From the ovarv ^^all# 

wir- 10 „ r^omvceliumwith a projection; twenty-four hours; b, spore germma- 
• ’tFon later with a straight promycelium ; forty-eight hours ; the same 
with the promycelium bent in a knee form; d, formation of a latera 
snoridium (after twenty-four hours). Highly magnified. 

Fig. 13. An^affected ovary cut lengthwise ; the masses of ripe spores appear as 

black spots or stripes. 


Plate XV. 


SAME, GERMINATION OF SPORES IN WATER AND NUTRITIVE SOLUTIONS. 

(Figs. 30-35, after Brefeld.) 

Fig 1. Germination of spores in water and bearing conidia. u j.i 

Fig. 2. Older geroiinating spores. The conidia have fallen, some cells of the con- 
idiophores have become empty, others have developed into filaments. 
Fig. 3. Germination of spores in a nutritive solution, showing the more strongly 
developed conidiophores producing conidia from every cell ; the conidia 
have also sprouted and bear other conidia. a • j . . 

Fig 4. Development of a spore cultivated singly in a drop of nutritive fluid: a, 
the germinal tube formed; b, same, more fully developed and divided 
into cells by cross partitions; c\ c\b, fallen pieces ; c and c have pro- 
duced conidia, d d, which, fallen from develop other conidia or yeast- 

like forms by continuing budding. 

Fig 5 Conidia forming filaments in an exhausted nutritive solution, a, threaa 
full of protoplasm ; b, filament partly emptied of protoplasm ; c, conidia 

germinating while still attached together. _ _ . . . , 

Fig. 6. A conidium which in germinating has protruded into air and apparently 

formed aerial conidia. 

Fig. 7. Conidia which did not germinate to form filaments and in which oil glob- 
ules have appeared ; resembling spore formation. 


Plate XVI. 

INDIAN CORN RUST (PUCCINIA MAYDIS). 

Fig 1 Transverse section of corn leaf through a cluster of teleutospores showing 
‘ ’ also the ruptured epidermis and mycelial filaments among the le at cells. 
Fig 2. Uredospores, three viewed in optical sections showing germ pores and thick- 
ness of wall; a fourth showing surface view. 

Fig. 3. Teleutospores. 

Plate XVII. 


ERINOSE. 


Fig. 1. Lower surface of leaf attacked by Erinose. (After Corda.) 

Fig. 2. Cross-section of grape leaf through one of the galls of Phytoptus 

showing the hairs (a) formed from prolonged epidermal cells, two ot the 
animals (b b), and one of the parthenogenetic eggs (c). (E. A. b., del.) 
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Plate .VI 
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REPORT OP THE ORNITHOLOGIST AND MAMMALOGIST. 


Sir : I have the honor to submit herewith my second annual re- 
port upon the operations of the Division of Economic Ornithology 
and Mammalogy. It consists of two parts: (1) A statement of the 
work done during the year 1887 ; and (2) special reports embodying 
results of investigations. 

I 

STATEMENT OF WORK DONE. 

The work of the division during the past year, as heretofore, has 
consisted chiefly in the collection of facts showing the relation of 
certain birds and mammals to agriculture, horticulture, and forestry; 
and in the preparation for publication of two important bulletins, 
namely, (1) on the English Sparrow, (2) on Bird Migration in the 
Mississippi V alley. In bringing together the necessary information 
two methods are employed, (a) the distribution of circulars of in- 
quiry, and (6) work in the field and laboratory. The circulars of 
inquiry are distributed to a large number of farmers and persons 
known to be interested in birds throughout the country. The field 
work is carried on by members of the division staff and by special 
field agents employed for the purpose. These persons study the dis- 
tribution and habits of the numerous species of known or supposed 
economic consequence, learning as much as possible about the food 
and breeding habits of each. Collections of stomachs are made for 
subsequent analysis, and much information is secured from farmers 
living in the neighborhood of the places visited. The results at- 
tained in this way are of the greatest value, because none but trained 
observers are employed. The field work is supplemented by labora- 
tory work, which consists in the critical examination of the content^ 
of stomachs, gizzards, and crops collected in the field. The elabo- 
ration of this material is a slow process, requiring much technical 
knowledge, as well as patience, on the part of the investigator. A 
' single stomach sometimes contains representatives of several of the 
primary divisions of the animal kingdom. For instance, a Hawk’s 
craw may hold at one time the remains of a meadow-mouse, a spar- 
row, a snake, a frog, a grasshopper, an earthworm, and a snail — 
representatives of the seven primary groups, mammalia, aves, rep- 
tilia, batrachia, arthropoda, vermes, and mollusca. 

During the past year an assistant ornithologist. Dr. A. K. Fisher, 
has devoted most of his time to the study of the food material found 
in the stomachs of hawks and owls, of which the division has now 
upwards of six hundred. A brief statement of the contents of each 
stomach is made on a card prepared for the purpose, and these cards 
are arranged under species. A brief summary of the results of this 
investigation will be found in the present report. 
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I ' 

TTie insect remains found in the various stomachs are submitted, 
to Prof. C. V. Riley, Entomologist of the Department, for determi- 
nation and report. A valuable report upon the insect food of the 
English Sparrow has been already received, and has been incorpo- 
rated in the special bulletin on the English Sparrow (Bulletin hJTo. 1 
of the division). 

The inquiry concerning the food habits of the Crow, the various 
Blackbirds or Grackles, and several other species of special economic 
importance, has resulted in the accumulation of so much informa- 
tion that special bulletins on these subjects will be published as soon 
as the material in hand can be properly arranged. The same is true 
of a number of species of Gophers and Mice, which have been found 
to exert marked effects upon agriculture or forestry. 

A not unimportant incidental feature of the routine work of the 
division consists in the identification of specimens of birds and mam- 
mals sent to the Department for this purpose. The number of speci- 
mens thus sent reached several hundred during the past year and is 
constantly increasing. It is hardly necessary to add that great good 
is done by thus diffusing among the people an accurate knowledge 
of the birds and mammals with which they are surrounded. 

Prof. Walter B. Barrows, assistant ornithologist, has been en- 
gaged in office work throughout nearly the entire year. He has been 
charged with the preparation for publication of the enormous mass 
of material in hand relating to the English Sparrow question. As 
stated in my annual report for 1886, circulars and schedules asking 
for information in regard to the English Sparrow were distributed 
by the division in 1885 and 1886. Replies were received from more 
than 3,000 persons. The information contained in these replies has 
been arranged for publication under seven different heads, as fol- 
lows : 

(1) Time and manner of lirst appearance of the English Sparrow; 
present abundance, and apparent rate of increase ; kind and degree 
of assistance and protection afforded or withheld by man. 

(2) Relation of the Sparrow to other birds. 

(3) Injury to trees or vines. 

(4) Injury to fruits and garden vegetables. 

(5) Injmy to grain. 

(6) Relation of the Sparrow to injurious or other insects. 

(7) Methods of restriction ; suggestions for extermination ; miscel- 
laneous information. 

The introductory portion of the Sparrow bulletin contains a 
synopsis of the principal facts- brought to light by the investigation, 
together with deductions from the same, and suggestions to legisla- 
tive bodies and to the people in regard to the best methods of abating 
tlie Sparrow scourge. 

That the special bulletin on the English Sparrow question is one 
of general public interest, as well as importance, is shown by hun- 
dreds of applications for it that have been received at the Depart- 
ment in advance of its publication. 

The bulletin on Bird Migration in the Mississippi Valley, by W. 
W. Cooke, v/as ordered to be printed in July, 1887, but has not yet 
been received from the Government Printer. 

In addition to the office corps of the division, tv/o persons have 
been employed as special field agents. Col. Alexander Macbeth, of 
Georgetown, S. C., has continued to serve the Department in .collect- 
ing information relating to the Rice-bird j)i"oblem, and Mr. Vernon 
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Bailey, of Elk River, Minn., has visited many parts of Minnesota, 
Dakota, and eastern Montana^ for the purpose of studying the dis- 
tribution and food habits of the various birds and mammals met 
with. This trip was particularly successful, and some of the results 
ivill be found in a special paper, forming a part of the present report. 
His report on birds treats of a very large number of species and is 
too bulky for publication in the Annual Report. His notes on the 
food of mammals and birds is an important contribution to economic 
zoology, and will be published as soon as supplemented by the re- 
sults of the determination of the stomach contents collected by him. 
Much of Mr. Bailey’s field work was done in the region where the 
eastern and western faunas meet or overlap, and the ranges of sev- 
eral species vrere determined with more precision than heretofore. 

In connection ivith Colonel Macbeth’s work in the rice-fields, a 
few experiments have been made with live Hawks for the purpose 
of frightening the birds from the fields. These experiments have 
been only partially successful, owing chiefiy to the fact that the 
Department was unable to secure the services of an experienced fal- 
coner to train the Tla.wks and take charge of the experiments. One 
fact, however, was demonstrated, namely, that Rice-birds will not 
come near a live Hawk, even when resting on a stake ; and vdien in 
motion, the Hawk is effective at much greater distances than when 
at rest. There can be no 'question that Hawks trained to fiy about 
the fields would keep the Rice-birds off, and the expense v/ould be 
less than that of the present system of ‘ ^ bird minding. ” 

In addition to the investigations carried on by these special field 
agents, the assistant ornithologists. Prof. Walter B. Barrows and 
Dr. A. K. Fisher, made brief trips in order to obtain special infor- 
mation relating to subjects then under investigation. Professor Bar- 
rovv^s visited the grape-growing district in central and western New 
York, and the results of his field work will be found in the special 
bulletin on the English Sparrow. Dr. Fisher visited northern Iowa, 
southern Minnesota, and southern Michigan, for the purpose of pro- 
curing information in regard to the depredations of Blackbirds and 
Gophers in the grain-fields of that area. Some of the results of his 
inquiry will be found in the present report. 

A number of experiments in poisoning have been made by Dr. 
Fisher, for the purpose of ascertaining what poison or poisons" may 
be used to best advantage in the destruction of certain pests. 

The correspondence of the division continues to consume so large 
a portion of the time of the office force that it seriously interferes 
with the elaboration of material and the preparation of rejDorts. 


SPECIAL REPORTS. 

The following special reports will be 'found lierein : 

(1) Food of Hawks and Owls. By Dr. A* K. Fisher, assistant 
ornithologist. 

(2) Experiments in poisoning. By Df. A. K. Fisher, assistant 
ornithologist. 

(8) Some of the results of a trip through Minnesota and Dakota. 
By Vernon Bailey, special field agent. 

(4) Notes on the depredations of Blackbirds and Gophers in lov/a 
and southern Minnesota. By Dr. A. K. Fisher, assistant orni- 
thologist. 

AG 87 26 
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FOOD OF HAWKS AND OWLS. 

By Dr. A. K. Fisher, Assistant Ornithologist. 

The present brief synopsis of results, which is preliminary to a 
special report now in preparation on the food habits of the Hawks 
and Owls of the United States, is based on the examination of 1,072 
stomachs, 651 of which are in the possession of the Department. Of 
the 421 stomachs not in the Department collection, the greater nlim‘ 
her were examined by Dr. B. H. Warren, State Ornithologist of 
Pennsylvania, and other members of the American Ornithologists’ 
Union. The remainder were compiled from Prof. Samnel Angheyh 
“'ISrotes on the iSTatnre of the Pood of the Birds of Nebraska*^'* and 
Mr. Edward Swift’s recent article on ' 'The Pood of Bapacioiis Birds. ”f 

Of the 1,072 stomachs examined, 89 were empty. Of the 983 con* 
taining food, 57 contained poultry; 20, game birds;. 177, other birds; 
528, mice; 137, other mammals; 51, reptiles and bati'achians, and 
255, insects. Oil IcK^Aing at the following tables it will be seen tliat 
certain species feed principally on mice and insects, while others feed 
chiefly on poultry and small birds. In the latter category, fortu- 
nately, there are but 5 species in the Eastern States, namely, the 
Sharp-Shinned, Cooper’s, Duck, and Pigeon Hawks, and the Great 
Horned Owl. Taking out the 126 stomachs of these five species, 
there remain 857 stomachs of 23 species, of which 31 contained poul- 
try; 11, game birds; 109, other birds; 518, mice; 125, other mammals; 
49, reptiles and batrachians, and 241, insects. In other words, ])oul- 
try was found in but 3.6 per cent, of the 857 stomachs, while mice 
were found in 64.4 per cent. 

In the accompanying tables the names of the animals found in 
the stomachs are given in general terms, such as mouse^ mole, shrew. 
In nearly all cases (more than 99 per cent.) the exact species of each 
has been determined and recorded, and will be given in the final re- 
port. This is important, inasmuch as allied species often differ in 
economic consequence. Some small mammals are beneficiah and 
the injurious species are harmful in different degrees, according to 
their food habits and the character of the places which they inhabit. 

The following persons have contributed stomachs of hawks and 
owls to the Depaidment collection; Dr. W. C. Avery, Vernon Bailey, 
W. B. Barrows, F. M. Chapman, Hubert L. Clarh, William Cou- 
per, F. T. Cuthbert, E. O. Damon, L. M. Davies, J. L. Davison, F. 
J. Dj xon, William F. Doertenbach, William Dutcher, Jonathan 
Dwight, jr.,.Dr. A. K. Fisher, W. K. Fisher, M. M. Green, C. C. 
Hanmer, E. M. Hasbrouck, A. H. Hawley, J. H. Hendrickson, W. 
F. Hendrickson, H. W. Henshaw, H. K. James, C. A. Keeler, Will- 
iam G. W. Leizear, J. B. Lewis, William Lloyd, F. A. Lucus, Dr. 
C. Hart Merriam, G. S. Miller, jr., H. H. Miller, J. Percy Moore, F. 
S. Place, Charles W. Richmond, Robert Ridgway, C. B. Riker, John 
H. Sage, W. E. Saunders, J. M. Shaffer, Dr. Hugh M. Smith, R. W. 
'Smith, F. Stephens, Willard E. Treat, Dr. B. H. Warren, F. S. WeU 
ster, H. G. White, Otto Widmann, A. H. Wood. 

‘ff^irst Annual Report of United States Entomological Commission, Appendix, 
PX>. 42-46, 1878. 

t Forest and Stream, Vol. XXX, No. 6, March 1, 1888, p. 104. 
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Statement of the stomach contents of more than 1,000 Hawks and Owls. 

[In Dr. Warren’s specimens, the cross (-[-) indicates that the stomach contained food of the character 
specified in the column-heading under which it occurs, but that its specific identity was not deter- 
mined.] 

SWALLOW-TAILED KITE {Elanoidesforficatus). 


Locality. 

T 

\ 

Date. 

! 

Poultry 
or game 
birds. 

! 

Other birds. 

Mammals. 

\W ^ 

Miscellaneous. 

Hawkinsvillo, Fla 

Mar. 31,1885 

i 

L..do 

j 


Lizard ; tree- 
toad ; grass- 
hoppers ; bee- 
tles. 

Lizard ; grass* 
hoppers ; bee- 
tles. 

60 locusts, 5 oth- 
er insect. 

69 locusts, 3 oth- 
er insect. 

75 insects. 

D) 


i 


Dixon County, Nebr 

Do . * . . 

Jime, 1865 

.... do 







Sarpy County, Nebr .... 

Sept., 1873 








Siimniary . — Of 5 stomachs examined 5 contained insects; 2, lizards; 1, tree-toad. 
MISSISSIPPI KITE (Ictinea mississippiensis). 


Fragments. 
Beetles. 

Summary . — Of the 2 stomachs examined, both contained insects. 

MARSH HAWK {Circus hudsonius). 


Madison ville, La 
Do 


May 29, 1886 
May 30,1886 


Amity ville, L. I. , N. Y . . . 

Washington, D. C 

Bergen County, N. J — 

Washington, D. C 

Sandy Spring, Md 

Do..... 

Do 

Do 


Do. 


Do 

Travare, Dak . 

Pembina, Dak 
Do 


Oct. 

Oct. 

Nov. 

Jan., 

Feb. 

Oct. 

Oct. 

Nov. 


17. 1885 

29. 1886 
26, 1885 

1887 

11.1887 
2, 1887 

14. 1887 

17. 1887 


Do 

Oakdale, N. Y 

Long Island City, N. Y . . 
East Hartford, Conn — 

Cromwell, Conn 

Devil’s Lake, Dak 

Do 

Sandy Spring, Md 

Do 

Sing Sing, N. Y 

Do 

Wethersfield, Conn 

Do 

East Hartford, Conn . . 

Do 

Paint Rock, Tex 

Washington, I). C 

East Bradford, Pa 

Wcsttown, Pa 

Oxford, Pa 

Brazile Creek. Nebr. . . . 


Nov. 18,1887 

Nov. 23, 1887 
July 5,1887 

July 30, 1887 
. . .do 


Do. 


Otoe County, Nebr . 
Sarpy County, Nebr 
Do 


Douglas County, Nebr . . 


. . . .do 

Oct. 4, 1887 
Oct. 18,1887 
Sept. 17, 1887 
Oct. 5, 1886 
Aug. 11,1887 
Aug. 17, 1887 
Oct. 17,1887 
Feb. 13,1887 
Oct. 1,1881 
Sept. 17, 1882 
Sept. 17, 1887 
Sept. 24, 1887 
Nov. 12,1886 
Oct. 17,1886 
Dec. 7, 1886 
Sept. 11, 1886 
Aug. 22, 1878 
Aug. 30, 1878 
Nov. 5,1879 
Oct., 1869 


. .do 


Sept., 1864 

do 

do 


Oct., 1864 


Junco 


Tree sparrow. 


Meadow mouse 
3 meadow mice 
Meadow mouse 
— do 


Duck 


Fowl 


Meadow mouse 

do 

2 pine mice; 2 
meadow mice. 

Pine mouse; 2 
meadow mice. 

Meadow mouse. 

2 striped go- 
phers. 

Striped gopher , . 

Hair of striped 
gopher. 

Striped gopher . . 

Shrew 

2 meadow mice . 

Meadow mouse. 

Striped gopher . 

Meadow mouse. 

...do 


Small bird. 


Small bird, 


Fowl 


I 


2 warblers. 


Mice 

do 

3 meadow mice . 
2 meadow mice . 
Skunk 


Mice. 

do 

... do 


Gopher 


Empty. 


Reptiles; 09 in- 
sects. 

15 locusts : 77 

other insects. 

71 locusts, 10 
other insects. 

Lizard; 69 lo 
ousts. 

51 locusts. 

Lizards ; 43 lo- 
dusts. 
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Statement of the stomach contents of more than 1,000 Haivks and Continued. 

MARSH HAWK {Circus hudsbnius) — Continued, 


Locality. 


Date. 


Poultry 
or game 
birds. 


Other birds. 


Mammals. 


Miscellaneous. 


Elmira, N. Y 
Do.... 
Tyrondt N. Y 
1 ) 0 . .. . 
Barton, N. Y 


May 7 , 1886 

July 11,1886 

Aug. 17, 1886 

do 

Aug, 1,1886 Wood- 
cock. 


4 mice 

Mouse 

Red squirrel . . . 
Field mice 


Hale County, Ala 
Washington, D. C 


Mar. 17,1888 
Mar. 28, 1888 


Quail 


Meadow mouse. 


{ 


Beetles. 


Beetles. 


Summary . — Of 46 stomachs examined 5 contained poultry or game birds ; .5, other birds; 24, mice; 
0, other mammals; 3. reptiles; 8, insects; and 1 was empty. Twenty-two stomachs examined by the 
division contained 21 mice. 

SHARP-SHINNED HAWK (Accipiter velox). 


Sing Sing, N , Y 

Do 

Do 

Do 

Southold, N. Y 


Sept. 10, 1885 ! 
Sept. 17, 1885 ! 

do ! 

Sept. 24, 1885 
Nov. 20, 1885 


Alfred Centre, N. Y — 

Taunton, Mass 

Do 

Sing Sing, N. Y 


Sept. 17, 1885 
Oct. 6, 1885 i 
Nov. 21,1885 I 
Sept. 25, 1886 | 


Peterborough, N.Y 

Portland, Conn 

Maplewood, N. J 

Montgomery Co. , Pa — 

Woodstock, Conn 

Long Island City, N.Y. . . 


July 22, 1886 ! 
Mar. 27, 1886 | 
May 25, 1886 | 
Sept. 18, 1886 i 
May 2, 1887 I 
Sept. 21, 1887 | 


Greensborough, Ala Nov. 11,1887 1 

Middletown, Conn Jan. 19, 1887 j 


Portland, Conn . . 

Do 

Fort Buford, Dak 
Washington, D, C 


; Apr. 2,1887 
. Oct. 20,1887 
. Sept. 9, 1887 | 
. Dec. 31,1887 I 


Sing Sing, N. Y 

East Hartford, Conn 

Easthampton, Mass 

South Windsor, Conn. . . 

Portland, Conn 

Do . 

Fort Buford, Dak 

Sandy Spring, Md 

Do 

Do : 

Do 

Do 

Do 

Do 

Do 

Chester Count3^, Pa i . . . . 


Apr. 7, laSO 
Oct. 17,1886 
May 9, 1874 
Nov. 4,lh87 
N.ov. 8, 1886 
Feb. 4, 1881 
Sept. . 1887 

Apr. 23, 1887 

do ... 

do 

Sept. 20, 1887 
Sept. 26, 1887 
Oct. 2, 1887 
Nov. 5,1887 
Nov. 22. 1887 
Nov. 26, 1886 


Do. 
Do. 
Do. 
Do . 
Do. 


Sept. 20, 1884 
Sept. 28, 1880 
Sept. 10, 1874 
Oct., 1875 
Feb. 16.1880 


I I 


. 2 warblers | 

. Warbler ; 

. Field sparrow . . 
Chippie, purple j 
grackle. | 

Warbler ! 

Goldfinch 

j 2 small birds . . . ; 
Junco and king- 
let. 

Small bird 

I Robin 

i Oriole ; swift .... 

Small bird 

do 

English s p a r - 
row ; warbler. 
White-throated 
yarrow. 

2 English spar- 
I rows. 

' Robin 

Field sparrow . . 

Thrush 

W hite-throated 
sparrow. 

j Robin 

j AVarbler 

! Junco 


Goldfinch 
Dove 


Bluebird 


Small bird 


. . Fox sparrow ; 

song sparrow . 
. . Field sparrow . . 


Quail 


I 

English sparrow! 
+ 



Do 

Elmira, N. \ 

Do 

Big Flats, N. Y 


May 19,1881 
Mar. 4,1886 
Apr. 18,1886 
Sept. 23! 1886 


Poultry 


English sparrow 

Small bird 

English sparrow I 


Mouse 


Do 

Gainesville, Fla 


do 

Dec. 


OO 


1887 


1 ' 


Empty. 


Do. 

Do. 


Do. 

Do. 


! Do. 

Do. 

Do. 

Do. 


Beetles. 


Insects. 


Indeterminate. 

Ernpt3\ 


Summary.— Of 48 stomachs examined, 2 contained poultry and game bird ; 35, other bh’ds; 4, mice ; 

insects; and 10 were empty. Total number of small birds, 41. 
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Statement of the stomach contents of more than 1,000 Hawks and Owls — Continued. 

COOPER’S HAWK {Aceipiter cooperi). 


Locality. 


Taunton, Mass 

Do 

River V'ale, N. J 

Washington, D. C 

Sing Sing, N. Y 

Do 

Greensborough, Ala 

Do 

Do 

Do 

Do 

Do 

Do 

Wethersfield. Conn 

East Hartford, Conn 

Sandy Spring, Md 

Do 


Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


Chester County, Pa 
Do 


Do 

Do 

Do 

Do 

Do 

Do 

Do 

New Castle Co., Del 

Williston, Pa 

East Bradford, Pa 

East Goshen, Pa 

West Chester, Pa 

Pocopson, Pa 

West Chester, Pa 

Sandy Spring, Md 

Gainesville, Fla 

Sandy Spring, Md 

Do 


Date. 


Sept. 21, 1885 
Oct. 6, 1885 
Sept. 18, 1 80 
Nov. 28, 1886 
Sept. 7,1880 
Nov. 18, 1884 
Oct. 28,1887 
Mar. 6, 1887 
July, li^7 
Aug. 4,1887 
Aug. 30, 1887 
Sept. 13, 1887 
Sept. 27, 1887 
Sept. 9,1887 
July 31,1887 
Jan. 14,1887 
Mar. 1, 188? 
Apr, 22,1887 
May '7,1887 
May 25,1887 
Sept. 14, 1887 
Sept. 21,1887 
Nov. 24, 1887 
Dec. 26,1887 
Jan. 30,1888 
Feb. 11,1888 


Nov. 

Nov. 

Dec. 

Jan. 

Jan. 

Feb. 

Feb. 

Mar. 

Dec. 

Nov. 

Dec. 

May 

May 

Aug. 

Nov. 

Sept. 

Mar. 

Dec. 

Mar. 

Apr. 


13. 1886 

27. 1886 

17. 1886 

10. 1887 

17. 1887 

1.1887 

20. 1887 

3. 1887 

6. 1878 

1. 1878 

6. 1878 

25. 1875 
20, 18?'7 

25. 1876 

12. 1879 

10. 1880 

17. 1888 

22. 1887 

24. 1888 

2. 1888 


Poultry 
or game 
birds. 


Chicken 

do . . . 


Pigeon . 

do . . 

do . . 


Other birds. 


Che wink 

do 

Tree sparrow . 


Mammals. 


Pigeon . 


Quail 


Chicken 
... do 


Song sparrow 


Quail 
. . . do . 


Purple grackle 


Chicken 


Chicken 
Poultry . 


Poultry 


Junco; savanna 
sparrow. 

Junco 

Small bird 


SmalJ bird 


Small bird 


Meadow lark . 


u- 


English sparrow 


English sparrow 
Sparrow 


Mice . 


. Song sparrow 


Miscellaneous. 


1 grasshopper. 


Empty 


Do. 

Sand lizard. 
Empty. 

Do. 

Empty. 


Do. 

Do. 

Do. 


Do. 


Frog. 

Coleoptera. 


Empty. 

J)o. 


Summary . — Of 46 stomachs examined, 15 contained poultry or game birds ; 17, other birds • 1, mice ; 

1, frog ; 1, lizard ; 2, insects ; and 11 were empty. 


GOSHAWK {Aceipiter atricapillus). 


Sandy Spring, Md 

Adirondack ,N. Y 

Philadelphia, Pa. . . . 

Dixon and Cedar 
Counties, Nebr. 
Tioga, Pa 

Elmira, N.Y 


Dec. 27,1887 
Oct. 31,1882 
Jan. 12,1886 
1867 


Aug., 


Feb. 17,1886 
Apr. 12, 1886 


Rabbit 

2 red squirrels . . I 

Rabbit ' 

do I Few locusts. 


Mouse ; weasel . . ! 

Mice ! Beetles. 


Summary , — Of 6 stomachs examined, 2 contained mice; 5, other mammals; 2, insects. 


RED-TAILED HAWK {Biiteo borealis). 


Taunton. Mass 

Nov. 18, 1885 


Feathers 



Portland, Conn 

Sept. 4,1885 




2 adders • rib- 

Do .f. 

Nov. 25, 1885 
Aug. 28, 1886 
Oct. 25, 1886 

Fowl . . . 



bon snake ; 
toad. 

Alfred Centre, N.Y 




Grasshoppers. 

Do 



Shrew 
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StaUTomt of the stomach contents of more than 1,000 Hawks and Continued. 

RED-TAILED HAWK (Biiteo horealis) — Continued. 


Locality. 

Date. 

Poultry ! 

or game i Other birds, 
birds. 1 

1. 

Mammals. 

Miscellaneous. 

Peterborough, N. Y . 


. July .5, 1880 

1 

1 

1 Fowl ..... . 



Uueida Lake, N. Y. . . 


Aug. 30, 1880 
Sept. 27, 1880 
May 15, 1886 


1 

Red squirrel . . . 


Morrisville, N, Y 




Chester Count ■, Pa . . 

, , 

Fowl . 

. Oriole 

. Rabbit 

rJi’iiUa 

Do 


Mar. 10, 1880 



IVTfin.rlnw mr>ncti 

Birmingham, Pa 

Portland, Conn 

' 

Mar. 15,1886 

Fowl . 

.1 Grackle 




. 

July 25, 1886 


1 



Chickamauga, Tenn. 


Feb. 13,1886 

! 


Offal 

Lockport, N. Y 


July 13,1886 



. 4 meadow mice 

. Toad ; 2 beetles. 

Forge, Suffolk County, 

Feb. 16,1887 

Fowl . 


JN. Y. 

Whitewater, Wis .... 


Aug. 17, 1887 


i 


. 13 grasshop- 
pers; 5 crick- 
ets; 1 beetle; 1 
Crawfish. 
Large adder. . . 

5 grasshoppers 

Washlngtou, D. C. . . 

May 4, 1887 
Nov. 20, 1886 

1 1 

Pino mouse; 
meadow mouse 
IVT m 1 

/ 

Middletown, Conn 

1 i 

1. . . . 

Portland, Conn 

Dec. 29,1886 
Jan. 2,1888 


Gray squirrel . . 
2 house mice . . . 

Gainesville, Va 


1 


Howard County, Md. . 


Nov. 3.1887 

i 


Washington, D. C 


Dec. 29,1887 


Meadow mouse. 
House mouse ; 3 
meadow mice 
4 meadow mice • 
2 white-footed 
mice; shrew. 


Do 


Jan. 20,1888 




Sing Sing, N. Y 


Feb. 18,1885 




Do. . , , 

Apr. 13, 1885 




Lewis County, N. Y . . 

, , 

Aug. 3,1876 

i 



Portland, Conn 


Mar. 2, 1887 



orcll LtJl MldKc, 

Troy, Pa 





iLllipLy , 

Devil’s Lake^ Dak 

Auer. 11. 188 

i 


Gray gopher; 
striped g o- 
pher. 

Frogs; 10 large 
grass-hoppers. 

2 frogs; potato 
beetle. 

Bast Hartford, Conn. 


Sept. 14, 1885 


i 

Sandy Spring, Md 


Jan. 8. 1887 

. . . . . . 


Pine mouse; 
shrew. 

2 meadow mice . 
Meadow mouse ; 

white-footed 
mouse; shrew. 
4 house mice ; 

1 meadow 
mouse, 

3 house mice ; 1 
meadow mouse ; 
shrew. 

3 meadow mice . 
3 meadow mice [ 
3 shrews. 

1 house mouse; 

2 pine mice; 2 
meadow mice ; 

1 shrew. 

Do 

. . do 





Do 

. ... do 




Do 

. ... do 




Do 

... do ! 


] 


Do.... f' 

... do 


i 


Do 

... do 




Do 

. . . do . 




Do ,, 

Jan. 14,1887 





Do r 

.. .do ..... . 

1 

1 



1 pine mouse ; 2 
meadow mice. 
Meadow mouse. 

ijiXipiy , 

Do 


Jan. 22,1887 

i 

i 




Do 


. . . do 

1 

1 . 




Do 

■ . 

...do 




dn ■ 


Do 

1 Jan. 28. 1887 

j _ 





Do 


. . do 

1 


Crow 



Do 

! , 

. . . do 



do 

• • ■ dCy 

1 


Do 

i Feb. 11. 1S87 

1 




Tin 

Do 

! 

. . do 




Meadow mouse . 
Pine mouse: 
meadow mouse. 

ShUGw 

iJU. 

Do 

1 

. . do 

! 



Ltll \ M , 

Do 

Mar. 2, 1887 

j 




Do 


. ,do 

1 



1 

1 1 . \ 

Do 

! . . . do ^ 1 

’ 

Meadow mouse; i 
2 house mice. | 
meadow mouse ; 
1 house mouse. 
i meadow mice ; 
gray squirrel. 
Meadow mouse, 
ihrew 


Do 

do 


1 

' 

Do 

.... do 




Do 

... do 


T 

■■ 

Po 


. . do 
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Statement of the stomach contents of more than 1,000 Haivhs and Oivls — Continued. 


RED-TAILED HAWK {Buteo borealis) — Continued. 


Loc 


Sandy Spring, Md 

Do 

Do 

Do 

Do 

Do 



Do. 

Do. 

Do, 


Do. 

Do, 

Do. 

Do. 


D5. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do 

Do. 

Do. 

Do. 


Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


Do 

Do. 


Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


Poultry 
or game 
birds. 


Other birds. 


Mammals. 


Mar. 2, 1887 , 

do Fowl . . . ! 

— do I 

, ... do I Bluel)ird 

... do [ Tree sparrow 

... do 

do 

Mar. 5,1887 
... do 


5 meadow mice , 
Meadow mou.se . 


2 song sparrows 


.do i I Song sijarro w . . . 


Meadow mouse. 

.... do 

do 

Meadow mouse ; 
white - footed 
mouse; mole. 
Rabbit 


do 

do 

do 


Feathers . 


Mar. 8-10,^87 

...do 

...do 

. . do 

... do 

... do 

... do 

... do 

... do 

...do 


Mar. 12,1887 
Mar. 18,1887 
Mar, 24, 1887 
Apr. 1, 1887 

do 

Apr. 25, 1887 
Apr. 28,1887 

Nov. 14,1887 

do 

... do 


Nov. 27, 
Dec. 12, 
do . . 


1.S87 

1887 


Do I Dec. 24, 1881 


Feathers 
Robin . . . 


2 meadow mice'.; 
rabbit. 

Meadow mouse 
do 


3 meadow' mice . 

2 moles 

Shrew 

Rabbit 

... do 

Gray squirrel . . . 
Meadow' mouse ; 
chipmunk. 


2 sparrow's . 


Dec. 2(1,1881 


.do 


I 


. ... do . . 
. . . . do . . 
Jan. 3, 
Jan. 7, 
Jan. 


Meadow mouse. 
3 meadow mice. 
Meadow mice . . . 

Pine mouse 

Mole 

Meadow' mouse; 
gray squirrel. 


Gray squirrel . . 


House mouse . . . 
2 meadow mice . 


1888 

1888 


14. 1888 
Jan. 11,1888 
Jan. 14, 1888 
Jan. 19,1888 
Jan. 30, 1888 
Jan. 28,1888 
Jan. 30, 1888 


Meadov Jark . . 


I'owl . 


Crow 

Crow^ 


1 house mouse ; 1 
meadow mouse ; 
3 shrews. 
Meadow' mouse. 


2 meadow mice. 
Meadow mouse. 

3 meadow' mice . 
2 house mice . . . . 


5 meadow mice . 


Meadow mouse. 
House mouse . . . 


Do 

Feb. 18,1888 
Feb. 22,1888 
May, 1880 
Oct. 15,1880 



Do 




ter County, Pa 

Do 

Fowl .... 

Oriole 

j Gray squirrel. . . 
Hoiv-'c mouse. . . 

Do 

Nov. 22', 1880 



Do 

Nov. 10, 1880 

Fow'l .... 


do 

Do 

Dec. 4, 1886 

1 


Do 

Dec. 8,1880 

! 


Do 

Dec. 29,1880 

. 

4 mead< i inice . 

Do 

Feb. 1L1887 


Do 

Feb. 10,1887 



Do 

Dec. ipiSSr, 
Jan., 1887 

! R]:)a,rrow' 

1 

Do 

Fow'l .... 

Meadow' iiK )use . j 

Do 

Dec.' 11, 1880 
Dec., 1880 

I 

1 

Do 

1 . 

House mouso; 
meadow mouse, i 
2 meadow' mice . 
Pine mmiHP 

Do 

.... do 


Song sparrow'. . . 
.... do . . 

Do 

Nov., 1886 


Do 

.... do 



flo 

Do 

Feb. 10,1887 

Fowl ... 


1 

Do 

Dec., 1880 

do. ... 


Meadow mouse; 
2 house mice. 





Miscellaneous. 

Empty. 

Grasshopper. 


Empty. 

2 wood frogs. 
Empty. 


Crawfish. 


Insect remains. 

Empty. 

Do. 

Do. 

Do. 

Do. 

Do. 


Do. 

Do. 

Do. 


Do. 

Offal. 

Empty, 

Do. 


Do. 
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Stateraciit of the stomach contents of more than 1,000 Ilaivks and Oids — Continued. 

RED-TAILED HAWK {Buteo borealis) — Continued. 


locality. 


Chester County, Pa . 
Do 


Do, 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


Do. 

Do. 

Do. 

Do, 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


Do. 

Do. 

Do. 

Do, 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


Date. 


11,1886 
18, 1886 


Dec 
Dec 
Apr. 20, 1886 
Dec. 28,1886 
Nov., 1836 

do 

. ... do 

. ... do 

do 

Dec. 28, 1886 


Poultry 
or game 
birds. 


Other birds. 


.do . 


do 

Jan. 1,5, 1887 


Nov, 


1886 


do 


Jan. 


1887 


,do 


.do 


.do 


Oct. , 

Dec., 

do 

J an . , 

do 

, . . . do 
Dec., 
Oct., 
Dec. , 

do 

Jan 
...do 


18,86 

1836 


1887 


Fowl. 


1886 

1886 

1886 


4 


1887 


Jan. 26,1887 


,do 


Dec. 

Jan. 


f j L 
1 


1886 

1887 


•Tan. 8, 1887 
7, 188:" 
1887 


Jan 
Jan., 
....do 
. ... do 


...do 

— do 

— do 

... do 

Jan. 18, 1887 

17,1887 
.22, 1887 
1886 


Fowl. 
. . . do . 


Feathers 

Feathers 


Mammals. 


7 house mice 


Mouse 

4 meadow mice. 


Meadow mouse. 

2 meadow mice. 

3 meadow mice . 
2 meadow mice. 
1 meadow mouse. 
Meadow mice; 

rabbit. 

5 meadow mice . 


J^an. 

Ja,n. 

Nov., 

Dec.. 

Nov., 


1886 

1886 


. . . . do 
Jan. , 

. ... do 
. ... do 
....do 
do 


Meadowlark. 


1887 


Feb., 

do 

do 

do 


1887 


• do 


. ... do 

Mar. 10, 188' 

, . . do 

do 


Tree sparrow 
Crow 


2 house mice ; 1 
meadow mouse 

3 meadow mice , 

2 meadow mice ; 
mole. 

Meadow mouse ; 

rabbit; shrew. 
Meadow mouse ; 
red squirrel. 

3 meadov/ mice . 

3 meadow mice ; 
red squirrel. 

4 meadov/ mice . 

1 meadow mouse 
— do 


Rabbit . 


3 meadovv’’ micv 
Red squirrel . . 
House mouse. 


House mouse . . . 
Meadow mouse ; 
white-f o oted 
mouse. 

Meadow mouse. 
6 meadow mice . 

Mouse 

White-f o o t e d 
mouse; shrevvt 
Meado'w mouse. 

Mouse 

Meadow mouse. 
2 meadow mice. 
2 meadow mice ; 
shrew. 

1 meadow mouse 
Meadow mouse . 

do 

do 


House mouse . . . 
5 meadow mice . 

Mouse 

Red squirrel . . . . 
Meadow mouse ; 

red squirrel. 
Meadow mouse. 


Meadow mouse . 

2 meadow mice : 
white-f o oted 
mouse. 

Meadow mouse. 

... do 

6 meadow mice . 
Meadov/ mouse ; 
shrew. 

3 meadow mice; 
2 house mice. 


Miscellaueo; 


Empty. 

Beetles. 

Empty, 


Shrew 

Meadow mouse. 
2 meadow mice. 


Grassbox)XJ(-r. 


Frog. 


Emi^ty. 


Offal. 
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Skitement of the stomach contents of more 1,000 Hawks and Owls — Continued. 

RED-TAILED HAWK {Buteo ftoreaZis)— Continued. 


Locality. 


Chester County, Pa .... 

East Bradford, Pa 

Westtown,Pa 

East Bradford. Pa 

Do. 

Do 

Williamstown, Pa. . . 

Westtown,Pa 

Pocopson, Pa 

Wlllistown, Pa 

We.st Bradford, Pa 

Kennert,Pa 

Do 

Willistown, Pa 

Do 

East Bradford. Pa 

Do 

Chester County, Pa 

Birmingham, Pa 

Willistown, Pa 

Do 

East Bradford, Pa 

Chester County, Pa 

Willistown, Pa 

Do 

East Bradford, Pa 

Willistown, Pa 

Do 

Lancaster County, Pa. . . 

West Bradford, Pa 

East Bradford, Pa 

Cain, Pa 

Do 

Westtown, Pa 

Do 

East Bradford, Pa 

Westtown, Pa 

Do 

Do 

Do 

East Bradford, Pa 

Do 

I.(anGaster County, Pa . . . 

East Bradford, Pa 

Westtown, Pa 

Chester County, Pa . . . 

Pocopson, Pa 

Cain, Pa 

West Goshen, Pa 

Westtown, Pa 

Maryland 


Date. 


Feb., 1887 
Feb. 4, 1879 
Jan. .5, 1881 
Fvcb. 15,1879 

do 

do 

Apr. 4, 1878 
Mar. 11,1879 
Nov. 25,1878 
Jan. 3, 1879 
Jan. 13, 187'9 
Jan. 15,1879 

do 

Jan. 21,1879 


Poultry 
or game 
birds. 


Other birds. 


Quail 


.do 


East Bradford, Pa 

Willistown, Pa 

West Whiteland, Pa ... . 

Willistown, Pa 

Chester County, Pa 

AVest Bradford, Pa 

Willistown, Pa 

East Bradford, Pa 


Willistown, Pa. 
Westtown, Pa . 


Willistown. Pa 

AVe^Bradford, Pa . 

Willistown, Pa 

Do 

East Goshen, Pa . . . 


Willistown, Pa 

Birmingham, Pa 

Delaware County, Pa 

Do 

Do 

Westtown, Pa 

Chester County, Pa . . 

Do ‘ 

New Garden, Pa 

East Goshen, Pa 


Mar. 24,1879 
Dec. 25,1884 
Feb. 15,1878 
Dec. 31,1884 
Jan. 6, 1885 

do 

... do 

Jan. 5, 1881 
Feb. 15,1878 
Oct. , 1870 

Aug. 15, 1870 
Apr. 8, 1877 

do 

Apr. 2, 1878 
Nov. 25, 1879 
Feb. 4, 1879 
Feb. 22,1879 

do 

Jan. 23,1879 

do 

Jan. 20,1879 
Jan. 28,1879 

do 

Jan. 20,1879 

do 

Feb., 1879 

.... do 

Apr. 2, 1878 
Feb., 1879 
Jan. 28, 1879 

. ... do 

Feb. 8, 1879 
Feb. 9, 1879 
Feb. 7, 1879 
Jan. 29,1879 
Feb., 1879 

Feb. 8, 1879 
Jan. 21,1879 
Mar. , 1879 

Jan. 13,1879 
Jan. 3, 187'9 
Jan. 3, 1880 
Nov. 27,1874 
Dec., 1882 


Jan., 

Jan. 

Jan. 

Nov. 


1882 
5, 1881 

2, 1880 
27, 1880 


Mar. 27,1880 
Mar. 22,1880 
Mar. 20,1880 


do 

Feb. 28,1880 
Feb. 23,1880 

. . . do 

Jan. 30, 1880 
Dec. 5, 1879 
Dec. 3, 1879 

do 

Nov. 26,1879 
Sept. 15, 


Poultry , 
. . do 


Poultry 


Poultry 
. . do 


Quail 


Poultry , 
. . do 


Quail 


Poultry 


+ 


Mammals. 


7 meadow mice . 
Mice 


Mi(?e . 

do 

, ... do 

do 

do 


Miscellatieous. 


Grasshoi>pers. 


Mice 


Mice . . . 

do . . 

do . . 

— do 

do . 

. . . do . . 


Mice . 

. . .do 
. . .do 


Mice . . . 
Rabbit . 


Mice 


Mice 


Insects. 

Do. 


Grasshoppers. 


Mice . 

. . .do 
. . .do 
. . .do 
. . .do 
. . .do 
. . .do 
... do 
. . .do 
. . .do 
... do 
. . .do 
... do 
. . .do 
. . .do 


Mice 

do 

do 

do 

Red squirrel ; 
mice. 

Mice 

do 

3 mice 

Mice 


Offal. 


Red squirrel — 
R e d squirrel ; 
mice. 

Rabbit 

Mice 


.do 

do 

do 


Red squirrel ; 
mice. 

Mice 

... do 

... do 

... do 

... do 

... do 


G ras shoppers 
and crickets. 
Insects. 




Mice . 

.... do 

.. do 
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Statement of the stomctch oontents of more than 1,000 Hawhs and Continued. 

BED-TAILED HAWK {Buteo borealis) — Continued. 


1 

Locality. j Date. 

1 

Poultry 
or game 
birds. 

Poultry , 

Other birds . 

Mammals. 

Chester County, Pa 

Do 

Dec. 10,1877 
Oct. 3, 1680 





Mice 

Willistown, Pa 

Feb., 1876 


Feathers 


T)o 

Jan. 30. 1876 
Jan., 1876 



Mice 

Do . . . 


1 

.... do 

Do 

Dec.' 19, 1878 
Jan. 18, 1875 
Nov. 30, 1876 
Mar. 36, 1876 
Sept., 1874 
Dec., 1875 
Feb. 19,1875 
July, 1870 

June 1,1886 

June 19, 1886 
July 31, 1886 

Oct. 3, 1886 
Apr. 7, 1887 
Aug. 10, 1887 
Mar. 6,1888 
.... do 



.... do 

Do 



.... do 

Do 



.... do 

Do 



.... do i 

Chester County, Pa 



Grav squirrel . . 
Mice 

West Goshen, Pa 



East Goshen, Pa 




Dakota City, Nebr 

Quail . . . 



Elmira, N. Y 



Rat; red squirrel 

Do 

Chicken 


Do 

i 


Do 



3 mice 

Wellsburgh, N. Y 



Hair 

Halsey Valley, N. Y 



3 mice 

Sandy Spring, Md 


Tree sparrow . . . 


Do 


2 tree s^parrows ; 
1 song spar- 
row. 

Meadow mouse. 

Do 

Mar. 7, 1888 i 
. . . ,do 


Do 



1 

Do 

.... do ! 


Sonc snarrow: 

Meadow mouse; j 
rabbit. 

Mole ! 

Do 

Mar. 9, 1888 ^ 

junco. 

Do 

Mar. 15,1688 
.... do 




Do 


Song sparrow . . 

Meadow mouse. 
2 house mice . . . 
Shrew 

Do 

.... do 


Do 

Mar. 17,1888 
... .do 

1 

1 

Do 


MeoMow mouse, 
.... do 

Do 

Mar. 19, 1888 
Jan. 4, 1888 
Mar. 24, 1888 

Feb., 1887 
Jan., 1887 
Apr. , 1887 

Feb., 1887 
. . . .do 


Gainesville, Fla 



2 cotton rats .... 

1 pine mouse ; 1 
meadow mouse 

2 meadow mice. 

.... do 

Sandy Spring, Md 



Chester County, Pa . . . ^ . 
Do 





Do 



3 meadow mice . 
Meadow mice . . . 
. . . .do 

Do 



Do 



Do 

.... do 

j 


.... do 

Do 

, . . . do 



.... do 

Sandy Spring Md 

Mar. 28,1888 
Mar. 30, 1888 

Apr. 18, 1888 




Do < 



2 meadow mice. 

Do 








1 : : 1 A. 


Miscellaneous. 


Empty. 

37 insects 


Glrassliopper; 

beetles. 

Beetles 

Grasshoppers 


Empty. 

Do. 


Do. 


Toad ; crawfish. 
May beetle; 
other insects. 
Empty. 


Summary.— Ot 311 stomachs examined, S9 contained poultry or game birds ; 35, other birds; 203, 
mice; 55, other mammals; 9, batrachians or reptiles; 24, insects; 3, crawfish; 4, oflal,- and 39 were 
empty. Two hundred and ten examined by the division contained 370 mice. 


RED-SHOULDEBED HAWK {Buteo Uncatus). 


Sing- Sing, N. Y. 


Do. 


Do. 


Birmingham, Pa 



Oct. 3, 1885 

Sept, 11, 1885 

Sept. 13,1886 

Sept. 12, 1886 
June 25, 1886 
do 


Flicker 


Toad ; snake ; 

cricket; larva.. 
G r a s s hopper ; 

larva; spider. 
Grasshoppers ; 
spider. 

Grasshoppers. 
Frogs; beetles. 




Mouse 




4 shrews 












R e d- b a eked 
mouse; 3 
shrevv'S. 

Meadow mouse ; 

3 shrews. 

1 shi'e^.v 


June 28, 1886 
do 




Beetles ; craw- 
fish; spider. 


. 



July 28.1886 
Aug. 30, 1886 
Sept. 6, 1886 

Mar. 15,1886 

1 


Insects 




Squash bug 


i .... 

■ i 

^ Feathers 

Meadow mouse ; 
1 shrew. 

1 O^gra sshoppers 
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Statement of the stomach contents of more than 1,000 Hawks and Oicls — Contimied 

JIED-SIIOULDEIIED HAWK (Buteo linexitus) — Continued. 


Locality. 



Date. 

Poultry 
or game 
birds. 

Other birds. 

Mammals. 

Chester County, Pa . . 

East Hartford, Conn. . 
Gainesville, Fla 

. Jan. 3, 1886 

. Dec. 14,1886 
. Feb. 28,1887 
. Mar. 17, 1887 

Apr. 7,1887 

Apr. 11, 1887 

Nov. 19, 1887 

Apr. 5, 1887 

July .5,1887 

Oct. 29, 1887 
Dec. 24,1887 

.... do 






. Meadow mouse. 



Do 




Do 




Do 




Greensboroiigh, Ala. . . 
East Hartford, Conn . . 
Do 






Shrew 



Meadow mouse. 

Portland, Conn 



Washington, D. C 



Horuse mouse ; 2 
meadow mice. 
Meadow mouse ; 
shrew,. 

Do 



Do 

Jan. 22, 1888 
Feb. 16, 1*^ 8 

Aug. 24, 1876 
Apr. 8, 1880 
May 6, 1880 

Sept. 19, 1882 
Feb. 2,1884 

Feb. 14, 1885 
Apr. 2, 1885 

Oct. 18,1886 
Oct. 29, 1886 
Jan. 8, 1887 
... .do 



Greensborough, Ala . . . . 
Locust Grove, N. Y 







Sing Sing, N. Y 



Mouse 

Do 



Meadow mouse; 
shre-w. 

Do 




Do 



2 shrews 

Mole , . 

Do 



Do 



Meadow mouse ; 

shrew. 

Mice 

Portland, Conn 



East Hartford, Conn . . . 
Sandy Spring, Md 



Mole ... 



House mouse . . . 

2 house niice ; 
white - footed 
mouse ; 1 mead- 
ow mouse. 

4 meadow mice . 

Pine mouse;- 

meadow mouse ; 
shrew. 

House mouse . . . 

Mouse 

*^Do*^ . . r 



Do 

Jan. 28,1887 
Feb. 11,1887 

Mar. 8,1887 
. . . .do 



Do 



Do 



Do 



Do 

.... do 



2 meadow mice . 
Meadow mouse . 

Do 

Mar. ^,1887 
Nov. 26, 1887 

Dec. 3, 1887 
do 


Screech-owl 

Do 


Do 



Meadow mouse . 
Pine mouse 

Do 



Do 

Dec. 9, 1887 
Dec. 27,1887 
Jan. 30, 1888 
. . .do 



Meadow mouse . 
4 meadow mice . ; 
1 mole 

Do 



Do 



Do 


Field sparrow . . 


Do 

. . . do 


Carolina dove . . 

Meadow^ mouse . 
2 meadow mice . 

Chester County Pa 

Nov. 23, 1886 
Jan. 20,1886 
Apr. 3,1886 
Nov. 29, 1886 
Dec. 1,1886 
Dec. 2, 1886 
Dec. 15,1' 86 
Dec. 16,1886 
Jan. 21,1886 . 
Jan. 26, 1887 . 
Jan. 28, 1887 . 
Jan., 1887 . 
... do 


Do 



Do 



Opossum 

Do 



Mouse 

Do 



Meadow mouse . 
... do 

Do 



Do 



Shrew 

Do 



Meadow mouse , 

Do 



5 meado-w mice . | 
... do 

Do 



Do 


1 Mouse 

Do 


. ! . do 

Do 

L _ . i . . do ^ 

Do.r 

Dec. 18,1886 . 
Dec. 20,1886 

i 1 

Meadow mouse: 
rabbit. 

Meadow mouse . 
do ' 

Do 

: 1 

j I 

Do 

Jan 18, 1887 


Do 

. . . do .... 

_ . _ ! 

Do 

Jan., 1887 | 

Feb., 18 7 1. 

j 

Meadow mouse . l 
3 meadow mice . ' 

Do 

i 1 


Miscellaneous. 


Cricket ; larva; 
2 spiders. 

Frog-. 

Do. 

Frog ; dragon 
Hies. 

Lizard ; 2 crick- 
ets ; larva of 
beetles. 

Snake ; insects ; 
earth worrn. 

Gra ss hopper; 
crick(jts. 

Garter snake ; 
bull-frog. 

Beetle ; wasp; 
larva 

Leopard frog. 

Crawfish. 

Frog; gr^shpp- 
pers. 

Empty;. 

Grasshoppers; 

beetles. 

Grasshoppers. 

5 toads ; grass- 
hopper. 

Toad; larvae. 

Frog ; salaman- 
der.. 


Tree-frog; bee- 
tle; spider. 


Grasshoppers ; 

beetles ; spider. 
Grasshopper. 


Grasshopper. 

Insects. 

Crickets; larvae. 
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Statement of the stomach contents of more than Hawks and Owls — Continued. 

RED-SHOULDERED HAWK {Buteo lineatus) — Continued. 


Locality. 

Date. 

Poultry 
or game 
birds. 

Other birds. 

Mammals. 

Willistown, Fa 

Feb 20, 1 81 



Mice 

Do . . .' 

Mar. 8,1881 



Rabbit 

Pennsylvania 

Dec. 25,1879 



Mice 

West Chester, Fa 

Dec. 9,' 1879 



.... do 

West Filveland, Fa 

.... do 




Westtown, Fa 

Feb. 4 1878 



-h 

Do. 

Feb. 4, 1879 



I 

-f- 

Willistown, Pa 

Jan 21,1879 




Volusia Count Fla .... 

Mar. 18,' 1886 




Saint John's River, Fla. . 

Mai‘. 14, 1886 




Milltown, Fa 

Dec. 29' 1884 



Mice 

Thornburgh, Pa 

Jan. 8, 1885 



.... do 

Westtown, Pa 

Jan. 10, P79 



.... do 

Do. 

•Jan. 28, 187'9 



.... do 

Do 

Feb 20' 1879 



.... do 

Do 

Jan. 27, 187'i) 



.... do 

Do 

Feb. 4 , 1879 



. . . .do 

Do 

Feb., 1879 



... .do 

Do 

Feb.’ 187'8 



.... do 

Willi.stown, Pa 

Apr 3 1877 



.... do 

Chester County, Pa 

Nov. 30, 1879 




Pennsylvania ! 

Jan. 5. 1881 



Mice 

Barton, N. Y 

Jan 1 . 1886 


*• 

3 mice 

Elmira, N. Y 

Jan. 21.18vS6 

Chicken 



Do 

Apr. 5, 1886 



Field mice 

Do 

Aug. 1887 



Skunk 

Big Flats, NY 

Sept 5. 1887 




Corning, N. Y 

Sept. 23, 18)87 



Field mice 

Greensborough, Ala . . . 

Feb. 25,1888 



Mouse 

Sandv Snrine' Md 

Mar. 17,1888 


1 

Meadow mouse. 

Gainsvilke, Fla 

Jan. 4, 1888 




Do 

Jan. 18, 1888 










Miscellaneous. 


GrassJioppers. 

Do. 

Do. 

Do. 

Do. 

Empty. 

Catfish. 

Insects. 

Do. 


Do. 


i o. 


Grasshoppe r s ; 

beetles. 

Insects. 

Lizard ; grass- 
hopper; cock-- 
roach; 8 craw- 
fish. 

Spider. 

4 mole crickets ; 
larvae. 


Summary —Ot 102 stomachs examined, 1 contained poultry ; 5, other birds ; 01, mice ; 20, other 
mammals;’ 15, reptiles or batrachians ; 40, insects ; 7, spiders; 3, crawfish; 1, earthworm; 1 offal ; 1 cat- 
fish ; and 3 v, ere empty. 


SWAINSON’S HAWK {Buteo Swainsoni). 


Cedar County, Nebr — 
Do 

Aug., 1867. 
do 

1 

1 

Gopher 



... .do 

Dakota County, Nebr. . . 
Sarpy County, Nebr ^ 

July, 1868 
Sept., 1872 



! Rabbit 


1 

Gopher; mouse.. 


tij8 locusts. 
61 locusts. 
58 insects. 
65 insects. 


Summary . — Of 4 stomachs examined each one contained small mammals and insects. 


BROAD-WINGED HAWK {Buteo latissimus). 


Sing Sing, N. Y | Sept. 19, 1885 

Middle Haddam, Conn . . ' Sept. 4, 1885 
London, Canada j Sept. 22, 1883 


Lockport, N. Y 
Brooklyn, Ohio 


Apr. 27, 1886 
May 10,1886 


Washington, D. C 

Syracuse, N. Y 

Roane Mountain, N. C . . . 
Long Island City, N. Y . . . 


June .5, 1887 
Apr. 30,1887 
Aug. 10, 1887 
Sept. 23, 1887 


1 

' Chinmunk 









Meadow mouse . 
Chipmunk; 
shrew. 

2 shrews 




3 oven birds 





Mouse 





Crickets; grass- 
hoppers. 

Toad. 

Toad; large 
number larvae. 
SnalvG ; 2 beetles. 


Toad. 


Garter snake; 
toad ; 1 a r V ® ; 
beetles . 


Do 

Do 


Sept. 24, 1887 
do 


Sing Sing, N. Y 


Sept. 21, 1881 


Larva. 

Quantity of 
crickets. 

8 elm sphinx 
larvsB. 
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Statement of the ^omacJi contents of more than 1,000 Hawks and Owls — Continued. 

BROAD-WINGED HAWK (Buteo latissimus) — Continued. 


Locality. 

Date. 

Poultry 
or game 
birds. 

Other birds. 

! 

Mammals. 

1 

Sing Sing, N. Y 

Sent. 23, 1881 




Lake George, N. Y 

! Aug. 2,1882 


1 1 

Sing Sing, N. Y 

1 May 8, 1885 


1 ! 

Troy, N. Y ... 

Sept. 19, 1885 


! 


Sandy Spring, Md 

May 10,1887 

i 


Chipmunk; 




shrew. * 

Do 

Sept. 1,1887 




Chester County, Pa 

May 28il87o 





Elmira, N.Y 

June 27, 1885 



Large rat ; field 





mouse. 

Do 

Apr. 9,1880 



Weasel 

Do 

July 3,1887 


Small bird 







Miscelltineous. 


Elm sphinx lar- 
vae. 

Gaiter snake. 
Quantity of 
earth worms. 
Tree-frog; grass- 
hoppers. 


Grasshopper. 

Frog. 


Summary. — Of 22 stomachs examined, 2 contained small birds; 3, mice; 5, other mammals; 8, reptiles 

or batrachians ; 10, insects; and 1, earth worms. 

ROUGH-LEGGED HAWK {Archibuteo lagopus-sancti johannis). 


Do. 


• do 


Chester County, Pa 

Dec. 9, 1886 
Feb. 23,1887 
Feb. 16,1887 
Mar. 29, 1887 
Mar. 30, 1887 
Nov. 30, 1887 
Dec. 2, 1867 

Dec. U,1887 
Dec. ^,1887 
Nov. 26, 1836 
Nov. 27, 1886 
Dec., 1886 
Feb. , 1887 

Jan. 28,1879 
. ...do 



T 

Shrew 

Northampton, Mass . . . . 
Do 



2 meadow mice . 
7 meadow mice . 
Meadow mouse . 
6 meadow mice . 

5 meadow mice . 
Meadow mouse ; 

house mouse. 

6 meadow mice . 

3 house mice . . . 
Meadow mice . . » 

do 



South Windsor, Conn. . . 
Portland, Conn 





Northampton, Mass . . . . 
Do 

! : 



Do 



Do 

i 

Do 



Do 



Do 



. . .do 

Chester County, Pa 



Meadow mouse . 
Mice 

Do’ ! 



Do 



. . do 

Do 

Dec. 27,1878 
Apr. , 1876 

Mar. 20,1880 
Sept. , 1S73 



do 

Do 



.... do 

Do 




. . . do 

Beatrice. Nebr 

j 

Gopher . . . 

Elmira. NY 

Nov. 5, 1887 
Jan, 3, 1888 
Mar. 17, 1888 
Apr. 9,1888 
Apr. 14, 1888 
.... do 

1 

Rabbit 

Do 

j 

Weasel 

Sandy Spring, Md 

Northampton, Mass 

Do 


2 meadow mice . 
do 



8 meadow mice . 
2 meadow mice . 

Do 

1 

Do 

Apr. 15, 1888 1 

1 


3 meadow mice . 


Lizard : 
sects. 


ro in- 


Empty. 


Summary. — Of 28 stomachs examined, 23 contained mice ; 4, other mammals; 1, lizard; 1, insects; 1 
was empty. St^venteen stomachs examined by the division contained 52 mice. 


GOLDEN EAGLE (Aquila chrysaetos). 


Gaithersbur^h, Md . . . 


Dec. 8, 1887 


Carrion. 


Summary. — The stomach examined contained carrion. 
BALD EAGLE (Halics-etus Icucocephalus). 


Sandy Spring, Md 

Oneida Lake, N. Y 

Do 

Sing Sing, N. Y 

Paint Rock, Tex 

Gainesville, Fla 


Jan. 28,1887 
Aug. 30, 1886 

. . . .do 

Feb. 27,1881 
Jan. 28,1887 
Jan. 13,1888 


i 2 prairie dogs . . . 


Carrion. 
Sunflsb . 
Fish. 
Goldfish. 


Fish and offal. 


Summary. ^01 6 stomachs examined, 1 contained mammals; 2, carrion; 4, fish. 
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Statement of the stomach contents of more than 1,000 Uaivksand Owls — Continued. 


PRAIRIE FALCON {Falco mexicanus). 


1 

Locality. 

to 

1 

j Date. 

1 Poultry 
or game 
birds. 

Other birds. 

Mammals. 

■ - 

Miscellaneous. 

Sarpy County, Nebr 

Sept. , ]874 

i 

Prairie hen 


1 6 locusts. 



1 


SuLmmary .—T \\q 1 stomach examined contained a game bii^^ and insects. 


DUCK HAWK {Falco peregrinns anatum). 


Portland, Conn . . . 
East Bradford, Pa 

Do 

Watkins, N. Y 

Elmira, N. Y 


Apr. 29, 1886 
Feb. 14, 1886 
Mar. 27, 1880 
Oct. 28,1887 
Dec. 3, 1887 


Duck 


Fowl 


Feathers 


Meadow lark 


2 mice 


T 


Beetles. 


Suvtmary. Of 5 stomachs examined, 2 contained poultry and remains of game bird: 2 remains of 

other birds; 1, mice; 1, insects. ’ 


PIGEON HAWK {Falco cohwibarius). 


Shelter Island, N. Y . . . . 

Portland, Conn 

Lockport, N. Y 

Rockville, Conn 


Sept. 11,1886 
May 6, 1886 
May 14, 1886 
Sept. 20, 1286 


Small bird ... 

Swift 

Song sparrow 


Long Island City, N. Y. , May 3, 1886 
Sayville, N. Y Sept. 14, 1887 


East Hartford, Conn . . . 

Sing Sing, N. Y 

East Hartford, Conn. . . 

West Chester, Pa 

Barton, N. Y 

Do 

Do 

Elmira, N. Y 

Do 

Do 


Sept. 10, 1887 
May 3, 1880 
Sept. 24, 1886 
Feb. 20,1878 
Aug. 2, 1686 

— do 

Aug. 3, 1886 I 
June 4, 1886 j 

do ! 

July 3,1885' 


English sparrow 


Small bird 

Feathers 

Indigo bird 

Feathers ^ 

Flicker j 

Field mice 

I ... .do 

English sparroAv; 

. . .do 


Horseheads, N. Y 
Elmira, N. Y 


Aug. 14, 1885 ! 
Aug. 29, 1885 I 


Gainesville, Fla 


Jan, 4, 1888 


I 

I 


Field sparrow; 
warbler. 


T 


25 crickets; 6 
grasshoppers. 

Dragon fl'i.es; 
other insects. 


insects. 

Do. 


Grasshoppers; 

small beetles. 
Small insects. 
Grasshop p ers; 
beetles. 


Summary.— Ot 19 stomachs examined, 12 contained small birds j 2, mice; 7, insects. 


SPARROW HAWK {Falco sparveriu.s). 


Locust Grove, N. Y ! Aug. 18, 1885 


Sing Sing, N. Y j Sept. 22, 1885 

Washington, D. C j Nov. 3, 1^5 

Alfred Centre, N. Y | Sept. 4, 1885 

Volusia County, Fla ;• Mar. 1, 1885 

Do I Apr. 4, 1885 


Peterborough, N. Y 
Do 


July 13.1886 
July 24, 1886 


T 


I 


I 


Hair of mice . . 


j Spider; grass- 
! hoppers. 

I Insect remains, 
j Grasshoppers; 
j crickets. 

i Lizard. 

2 lizards; insect 
remains. 

I Grasshoppers; 

I crickets. 
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Statement of the stomach contents of more than 1,000 Haivks and Oivls — Continued. 

SPARROW HAWK {Falco sparverms)— Continued. 




Locality. 


Peterborough, N. Y 
Chester County, Pa . 


Do 

Do 


Date. 


Poultry 
or game 
birds. 


Other birds. 


July 24, 1886 j I Sparrow 

July 28, 1886 { ' 


Mammals. 


do 


East Windsor Hill, Conn , 

Maplewood, N. J 

Do 

Lockport, N. Y 

Avon, Ohio 


Baddeck, Nova Scotia 
Gainesville, Fla 


Harwood, Dak 

Long Island City, N. Y . . 

East Hartford, Conn . . . 
Portland, Conn 


Feb. 

24. 1886 

Fob. 

4, 1886 

Jan. 

16, 1886 

May 

25, 1886 

Aug. 

31, 1886 

July 

5, 1886 

Aug. 

13, 1886 

Apr. 

20, 1.887 

July 

13, J887 

Sept. 

16, 1887 

Sept 

9, 1887 

A pr. 

12 ; 1.887 

Autr. 

13,1887 


Song sparrow 
Vireo 


Mouse 


Bottineau, Dak . . . 
Washington, D. C . 


Do 

Do 

Do 

Siilg Sing, N. Y 

Do 

Do 

East Hartford, Conn 

Do 

Do 

Sandy Spring, Md 

Do 

Do 

Do 


Do 

Do 


Do 

Do 

Do 


Aug. 3r, J887 1 

Dec. 24,1887 


do 

Dec. 25, 1887 
Dec. 27,1887 
Apr. 10,1880 
Jan. 29, 1883 
Jan. 14,1885 
Sept. 18, 1886 
July 16, 1886 
Oct. 13, 1886 
Jan. 28,1887 
Mar. 2, 1887 

. ... do 

. ... do 


English sparrow 


Song sparrow 
Sparrow 


.do 

.do 


. do 
do 


Song sparrow 


Do I Mar. 12. 188? 


Mar. 8, 1887 ! ! Song sparrow 


Do 

Do 

Do 

Do 

Do 

Do 

Do 


Do. 

DQ!. 

Do. 

Do. 

Do. 


Mar. 18, 1887 

. ... do 

Mar. 24, 1887 

do 

Ajjr. 1 , ! 887 
Apr. 8, l!V'7 
. ... do 

Apr, 


Meadow mouse. 


House mouse. 


House mouse. 


Meadow mouse 
do 


Meadow mouse 

, ... do 

House mouse . . 
Mouse hair .... 
House mouse . . 

Meadow mouse. 
White -footed 
mouse; house 
mouse. 


V esper .sparrow 


I 


Do 

Do 

Do 


Chester Comity, Pa . . . . 

Do 

Do 


Do. 

Do 


May 13,1887 
June 23, 1887 

Sept. 26, 1887^ 

Oct. 28,1887 


Jan. 2, 18F8 
Feb 22, 1888 
Nov. 26,, 1887 

Apr. 3, 1886 
Dec. 29,1886 
Dec. 28,1886 

Dec. 29,1886 
Jan. 17,1886 

Feb. 8,1886 


Meadow mouse 
House mouse . . 


Meadow mouse 

Meadow mouse 

Mouse 

Meadow mouse 


Sparrow 

Song sparrow . . 

Tree sparrow . . . 


Shrew 

Meadow modse 


Meadow mouse 

Mouse 

Meadow mouse 


White footed 
mouse. 

do 


Miscellaneous. 


Crickets. 

G r a s s ho p p e r 
and crickets. 
Grasshoppers 
and crickets. 
Larvae, 

Empty. 


30 crickets. 

Remains of in- 
sects. 

Grasshojipers. 

Lizard ; beetle ; 
larvm. 

Grasshoppers 
and crickets. 

Do. 

Remains of in- 
sects. 

Snake; grass- 
hoppers; crick- 
ets; larvae. 

Cricket. 

Grassho ]p p e r s ; 
beetles. 

Grasshoppers. 

6 grasshoppers. 

Grasshoppers. 

Do. 


Grasshoppers. 

Do. 

Grasshopper. 

Remains of in- 
sects. 

Do. 


Do. 

15 crickets. 

Grasshoppers; 
crickets; cater- 
pillars; beetles. 

Larva. 

Cricket; beetles. 

Cricket; larvae. 

Empty. 

Do. 

Crickets ; b e e - 
ties; spider. 

Spider. 

Grasshoppers ; 
white grubs. 

Gras shoppers 
and crickets. 

Grasshoppers; 

spider 

Grasshoppers ; 
crickets; spi- 
der. 

Grasshofjper. 

Grasshoppers, 

etc. 

Caterpillars. 

Crickets; gras-s- 
hoppers ^ 


Do 
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Statement of the stomach contents of more than 1,000 Hawks and Owls — Continued. 


SPARROW- HAWK (Falco svarverius) — Continued. 


Locality. 

Date. 

Poultry 
or game 
birds. 

Other birds. 

1 

Mammals. 

rirmritv. Da 

Dec. L18.-6 

Dec. 3, 18 G 
Dec. G, laSG 
.... do 


Meadow mouse . 

Do 


- 

2 jo 


Jiinco 

Do 


Feathers 

Meadow mouse ; 
2 shrews. 

1 

1 

Do 

Dec. 1G.188G 
Nov. 26, 1886 
Feb. 7,1867 

Jan. 12,1887 
Mar. 10, 188G 
Jan. 6, 1885 

Mar. 15, 188G 


.... do 

Do 



3Ieado w mouse . 
.... do 

Do 



Do 


Tree snarrow. . 

1 

' 

Do 


' 

Do 


' 

Do 




Do 



Meadovv- mouse . 

Do 

Jan. , 1887 

do 



... .do 

Do 




Do 

Dec. 20,1886 



Meadow mouse . 

Do 

Jan. 10,1887 


Song sparrow. . . 


Do 

Feb. 0, 168(> 




Do 





Do ... 




Meadow mouse . 

Do ... 

Jan., l8j^7 



House mouse . . . 

Do 




Meadow mouse . 

Do . . 

Jan. .25,1887 



House mouse . . . 

Do 

. . . .do 



Meadov/ mouse . 

Do 

do 



.... do 

Do 

Jan 2'L 1887 



.... do 

Do 

Jan., P87 


Tree sparrow . . . 

.... do 

Do .... 

Feb. 1 , 1387 



Whi t e-f 0 0 1 e d 




mouse. 

Do' 

do 



2 meadow mice . 

Do 

. do ....... 




Do 

Nov 20 1886 




Do 

July 3 1S6G 




Do 

Dec 30,1870 


Meadow lark . . . 


bo 

Dec, 18,1870 


Junco 

Mice 


Feb 20, 1685 


Feather 


PTi Pm, 

Jan 12 1881 



Mice 

nnACitGr Pn, 

Oct 27 1 680 




r'!hc»Gtpi’ rVinntv Pm. 

bee 23 ’ 1880 


Meadow lark .... 


* )n 

J.M.n 12, 1881 



Mice 

Do 

Jan 17 1881 



.... do 

Do 

Sent 24 1880 




Do 

Feb 16, 1680 



Mice 

1 rVm7it,v Pm. 

Jan 30 1880 



.... do 

nhAstor PoiTntv Pm, 

Jan 14 1881 



do 

Iv.iGt. PrM,rlforrl Pm, 

Jan 1 ]88,0 




Ghosif.or Coiintv. Pm, 

Nov 20,1879 




Do 

Aug 25 1876 



Mice 

Do 

Julv. 1870 



Bat 

Do 

Jan 16,1870 


Junco 

Mice 

Dixon Countv Nebr 

julv 1865 



Mouse 

Dakota Countv Nebr 

do 


% 

1 

Gopher 

Do 

Jime.., 1866 

Quail . . . 



Do 

Julj^, 1866 




Do 

Aug., 1867 



Ra bbit 

Cedar County, Nebr. . . 

. . do 



Mice 

Pierce Countv. Nebr . . 

Julv 1869 



Gopher 

Sai-py County, Nebr. . . . 

Sept., 1871 



Mice 

. . . . 


Do ... 

june, 1872 


Birds 


Lancaster Co. , Nebr . . . . 

Rent. 187.3 




'H’a.ie County, Ala.. 

MM,r 17 1SR8 ' 



Gainesville El a, 

Jan 4 1888 




Do.. 

Jan. 9,1888 









Miscellaneous. 


Grass hoppers-, 
cricket; larvae. 
Beetle . 


Crickets . 
Crickets ; cater- 
pillars ; spider. 


Empty. 

Catei- pillars; 
spider. 

Empty. 

Gra ssho p p e r s ; 
larvae. 

8 Larvae ; spider. 

Larva. 

G r as shoppers; 
beetles; larvae. 

Remains of in- 
sects. 

Grasshoppers; 
10 larvae. 

Grasshopper 
larvae; beetle. 

Crickets; larvae. 

5 grasshoppers ; 
5 larvae; spi- 
der. 


Caterpillar; 
crickets; spider. 


ij caterpillars; 6 
grasshoppers ; 
spider. 

Insects. 

Do. 


Do. 

Do. 

Do. 


Grasshopper. 


Insects. 

Do. 


8 locusts; 27 
other insects. 

88 insects, 
insects. 

84 insects. 

22 insects. 

47 locusts. 

40 insects. 

87 insects. 

43 insects. 

40 insects; frogs. 

Grasshopp e r s ; 
crickets. 

Remains of in- 
sects. 

Larvae and other 
insects. 
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Statement of the stomach contents of more than 1,000 HaivJcs and Oivls Continued, 


SPARROW HAWK (Falco sparver ius)— Contimied. 


Locality. 

Date. 

f 

Poultry 
or game 
birds. 

Other birds. 

! 

1 

Mammals. 

Miscellaneous. 

Los Gatos, Cal 

Do 

Do ...• 

Dec. 7, 1887 
Dec., 1887 
Jan. 19,1885 
Dec. 31,1887 

Apr. 2, 1888 

Feb. 7,1887 

1 1 

Sparrow .... 



Crickets. 

White grub ; bee- 
tles ; spider. 
Caterpillar. 

1 

1 

1 ■ ■ ‘ 

i 4\'arl)ler 

M e ado v,- lark'; 


Sandy Spring, Md ...... 

Chester County, Pa ... . 

1 

sparrow. 

Field sparrow . . 






Summary —Ot the 133 stomachs examined, 1 contained game bird ; 28, other birds ; 55, mice ; G, 
other mammals ; 5, reptiles or batrachians ; 83, insects ; 12, spiders ; and 5 were empty. 


Bi^RN OWL {Strix pratincola). 


Chickamauga, Tenn — 

Chester Comity, Pa 

Do - • 

Dixon County, Nebr — 

Dakota County, Nehr. . . 
Lancaster Co,, Nebr . . . . 
Gainesville, Fla 


Nov. 27, 1885 


Cowbird; spar- 
row. 




Meadow mice . . . 


May 21,1886 
Dec. 8,1886 
Aug., 1867 


Pigeon . . 





Mouse 

39 locusts ; 22 




other insects. 

July, 1863 
.June, 1872 
Feb. 4,1887 


■ “ ■ 

Mouse 

55 insects. 
40 insects. 



2 cotton rats ; 2 



1 

shrews. 



Of 7 stomachs examined, 1 contained poultry; 1, other birds; 4, mice; 1, other mam- 
mals; 3, insects. 

LONG-EARED OWL {Asio wilsonianus). 


Cohuila Valley, Cal 
Washington, D. C . . 
Sheepshead Bay, L. 
N.Y. 

Washington, D. C . . . 
Sandy Spring, Md . . 

Do 

Do 

Do 

Do 

Chester County, Pa. 

Do 

Do 

Do 

Do ■ • 


Do 

Do 


Woodstock, Conn 
Boston, Mass 



x\pr. 1,1886 

Mac. 27, 1887 
Nov. 2, 1886 


2 pocket mice . 

Song sparrow . . Meadow mouse . 
Junco ; kinglet do 


Mar. 10,1887 
Mar. 8,1887 
Mar. 12,1887 
Mar. IS, 1887 
Nov. 19,1887 
.Jan. 7, 1888 
Jan. 11,1887 

Nov. 20, 1880 
Dec. 11,1886 
Jan. 28,1887 
do 


Dec. 13,1886 


June, 1887 
Oct. 13,1887 


Sparrow ; 
bier. 


Meadow mouse. 


war- 


2 meadow mice . 

Meadow mouse ; 
3 house mice. 

Meadow mouse . 

... do 

2 meadow mice . 

^Vhite-f o o t e d 
mouse; mead- 
ow mouse. 

Meadow mouse. 

White -footed 
mouse ; 2 

meadow mice ; 
shrew. 

4 meadow mice . 

Meadow mouse . 


Montgomery Co., Pa 
ing, N. Y 


Sing 


Do 

Do 

Chester County, Pa 

Do 

Do 

Westtown, Pa ..... 

Do 

Do 

Chester County, Pa 
Do 


Dec. 26,1887 
Apr. 29,1880 


1886 
lo; 1878 
30,1884 
23, 1679 


Do 

Do. 

Do. 

Do. 

Do. 

Do. 


do . . 

do . . 

Nov. 25, 

Nov. 

Dec. 

Feb. 

do 

.... do 

. , . .do 

. ...do 

. .. .do 

.... do 

Nov. 22, 1880 
Dec. 5,1879 
Feb. 25,1880 


.do 


Goldfinch; 2 spar- 
rows. 


do . 

Mouse 


Small bird. 


2 mice 

do . 

Mice . . 

... do . 
. . .do . 
... do . 
. . .do . 
... do . 
... do . 
.. .do . 
. . .do . 
. . .do . 
... do . 
...do . 
... do . 
... do . 


AG 87 - 


-27 


Empty. 

Do. 

Do. 

Do. 



f 
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Statement of the stomach contents of more than 1,000 HawJcs and Owls — Continued. 

LONG-EARED OWL {Asio Continued. 


Locality. 

Date. 

Poultry 
or game 
birds. 

Other birds. 

i i 

1 Mammals. | Miscellaneous. 

! j 

1 i 

Chester County, Pa 

P)D ... - 

Feb. 25,1880 
do 



Mice 

! 



.... do 


Do 

.... do 



.... do 

Dakota Comity, Nebr. . . 
Elmira N Y 

Julj’', 1865 

Aug. 5, 1885 

Aug. 12, 1885 
Oct. 13,1886 
. . do 


1 

Rabbit 

' Few insects. 



Field mice 

Do 


' 1 

j 

1 

... do .... 

Do 


' . . .do 

Empty. 

Do 



.... do 

N Y 

July 4, 1887 
Sept. 2,1887 
Dec. 21,1887 



1 

T'i np'H, Do, 



Field mice ! 

Tr.lrmT’O, Y Y 

Quail . . . 


1 


1 




Summary . — Of 4T stomachs examined, 1 contained a game bird, 5, other birds ; 40, mice ; 2, other 
animals ; 1, insects; and 5 were empty. 


SHORT-EARED OWL {Asia accipitrinus). 


Washington, D. C ..... . 

Oakdale N. Y 

Nov. 22, 1886 

Nov. 27, 1886 
Oct. 22,1886 
.... do 

■ - • 

2 jimcos; Ifox 
sparrow. 

Mouse 

i 

Empty. 

Do. 

Rockville, Conn 



2 meadow mice . 

Mouse hair 

Meadow mouse. 

3 meadow mice. 
2 meadow mice . 

1 meadow mouse 

Do 



Koshkonoiiff W^is . . . . 

Sept. 25, 1886 
Apr. 20, 1887 
Sept. 3,1887 

Jan., 1887 

Mar. 28,1887 
Mar, 31,1887' 

Mar. 29, 1887 
... .do 



Washington, D.G 



Hillsborough, New 
Brunswick. 

Wash ill gton, D. C 





Do 


Robin 

.T 



2 meadow mice ; 
1 shrew. 

2 meadow mice . 
.... do 

South Windsor, Conn. . . 
Do 


Sparrow 



Do . . . . . . . 

Nov. 4,1887 

.... do 



.... do 

Do 



5 meadow mice. 
4 meadow mice . 
1 meadow mouse 

Do 

. . .do 



Wnsbiri5:^t.on D 

Jan. 23,1888 
Nov. 23,1886 
... .do 



fttoTilmrv ririTin 



Do 




TT;irtforrl rioiTn 

Nov. 11,1886 




4 meadow mice 


Do 

Nov. 2, 1886 

f 

3 meadow mice. 


Sn.ndv ftTirinP' TVTd 

Jan. 28 1887 



Meadow mouse. 


Do 

Mar. 5, 1887 



Mouse 


' Do 

. do 




Do. 

r 

.... do 




Do. 

Do 

... do 



Mouse 


Do 

Jan 7, 1888 



2 meadow mice . 


Do 

Feb. 13 1888 




Do. 

Cbesder (lomity, 

Jan. 25 1887 




Meadow mouse. 


T)o 

Dec 21,1880 



.... do 


Do 

Dee. 10,1886 



Pine mouse 


Do 

Nov. 20 1886 



3 meadow mice . 


Do 

Nov. 25, 1886 

i 

1 meadowmou.se 


Do 

Nov. 27, 1886 

j i eatbers 




Do 

Dec. 8, J886 

j 

Meadow mo".ise. 


Do 

Mar. 5, 1887 




Do. 

Do 




Mice 


Do. 

Jan. 4,1880 



.... do 


Do 

Jan. 5, 1880 



.... do 


Dakota County, Nebr. . 

July, 1870 



Rabbit 

17 insects. 

Lincoln, Nebr 

Sept,, 1868 



Gopher 

30 locusts. 

Elmira, N. Y 

Aug. 13, 1884 



Field mice. ..... 

Beetle. 

Do 

All!?. 3 1.886 i 



. . . . do 

Do. 

Do 

An^. 7'1886 L .■ .1 


. . . . do 

Do. 

Erin, N. Y 

OcD o' 1887 1 

1 1 

. do ... 

Do. 

Do 

Dec. 29, 1887 i 

1 

! . ! 

do 

Do. 


1 i 




Summary . — Of 45 stomachs examined, 4 contained small birds; Jdl, mice; 3^ other mammals; 7, in- 
sects ; and 6 were empty. 
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Statement of the stomach contents of more than 1,000 Hawks and Owls — Continued. 

BARRED OWL (Syruium nebulosum). 


Locality. 


Englewood, N. J 

Alfred Centre, N. Y 

Whitewater, Wis 
W a sh ington , ' D . C - 

Do 

Greensborough, Ala — 


Moose River, N. Y 

Sing Sing, N. Y 

Do 

Do 

Saint Louis, Mo 

Eubanks, 

Greensborough, Ala 

Sandy Spring, Md 

Do 

Do 

Do 

Do 

Do 

Chester County, Pa 

Do 

Do 

Do 

Elmira, N. Y 

Do 

Waverly, N. Y 

Barton, N.Y 

Halsey Valley, N. Y 

Elmira, N. Y 

Tyrone, N. Y 

Elmira, N. Y. 

Caton, N. Y 

Tioga, N. Y 


Date. 


Feb. 2^,1886 
Oct. 22,1886 
Aug. 60, 1886 
Feb. 15,l>-87 
Mar. 16.1887 
Nov. 15, l887 


June 10, 1878 

Nov. 27,1882 
Jan. 21,1885 
Mjir. 21,1885 
Spring, 1885 
Mar. 21,1887 

Nov. 12,1887 
Apr. 25,1887 
Nov. 14,1887 
Nov. 28, 1887 
Feb. 11,188s 
PYb. 18,1888 
Feb. 19,1888 
Dec. 10,1886 
Dec. 16, 1886 


Poultry 
or game 
birds. 

Other birds. 

Mammals. 

1 


! Meadow mouse 



j Red squirrel . . . 




1 

... 1 


! Sdaew 






12 red-backed 
mice. 

Fowl ... 


i 

1 

I 

1 

2 meadow^ mice 

8!?) w-\vbet owi . . 

Screech owl .... 



Meadow mice ; 
rabbit. 

i 

1 

i . _ 




! 

4 meadow mice . 

1 Screech owl . . . 

! 



I Meadow mouse. 


j Rabbit 

I Flying squirrel. . 

Rabbit 

I Mice 


Jan., 1880 
Jan. 17,1881 
Aug. 1,1885 
Aug. 7,1886 
Sept. 4, 1887 
Oct. 17,1880 
Oct. 5, 1887 
Nov. 4,1884 
Nov. 13,1887 
Dec. 1,1886 
Jan. 1,1885 
Feb. 9, 1886 


do 

do 


Several mice . 

Mice 

Field mice . . . . 


Mice 


W easei 

Mice .' 

Field mouse 
mole. 


Elmira, N. Y. . . 

Do 

Alexandria, Va 


Feb. 19,1887 
Mar. 3,1886 
Apr. 17, 1888 


Srjc.dl bird; 


Field mice 


I 


Miscellaneous. 


Empty. 

Do. 

Frog; 8 larvae. 
Spider; grass- 
h o p ]o e r s ; 
crickets. 


Empty. 

Crawfish. 

Empty. 


Frog; crawfish. 
Insects. 

Fish; insects. 
Empty. 


Do. 


Nwmmar?/.— Of 37 stomachs examined, 1 contained poultry; 4, other birds; 16, mice; 8, other mam- 
mals; 2, frogs; 4, insects; 1, spider; 2, crawfish; 1, fish; and 6 were empty. 


FLORIDA BARRED OWL {Syrnium nebulosum alleni). 


GainesviUe, Fla 


Apr. 20, 1887 | 


Do 

Do 

Do 


May 9, 1887 ! 
Dec. 20. 1887 j 
Feb. 19,' 1888 | 


Frog; crawfish; 
Grasshojjpers; 
larvag beetle. 
Lizard. 


Mouse 
. . . do . 


Summary. — Of 4 stomachs examined, 2 contained mice; 2, batrachian and reptile; 1, insects: i 
crawfisli. V 


SAW-WHET OWL {NyctaJa acadica). 


Taunton, Mass Dec. 11,1885 

East Hartford, Conn ... Jan. 7, 1887 


Hillsborough, N. B 

Flatbush, N. Y 

Locust Grove, N. Y 

Sing Sing, N. Y 


Oct. 

Nov. 

Jan. 

Jan. 


21.1886 
O -J 571'].”*' I 

24 ’ 1881 d 
13, 1885 : . 


Mouse hair 

White-f o o t e d 
mouse. 

Mouse hair 

House mou.se . . . 
Meadow mouse. 
... do 


Summary. — Of G stomachs examined, all contained mice. 



420 EEPOET OF THE COJIMISSIONEE OP AGKIOULTUEE. 


Statement of the stomach contents of more than 1,000 HawJcs and Owls — Continued. 

SCREECH OWL {Megascops asio). 


Locality. 


Sing Sing, N. Y. . . . 
Atlanticville, N. Y. 

Sing Sing, N. Y 

Washington, D. C. . 
Do 


Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

River Vale, N, J . . . . 
Bergen County, N. J 
Alfred Centre, N.Y. 


Date. 


Aug. 31,1885 
Dec. 4,1885 
Sept. 25, 1886 
Nov., 18SG 
do 


Poultry 
or game 
birds. 


Peterborough, N. Y. . . . 

Amherst, Mass 

Cleveland, Ohio 

East Hartford, Conn . . . 
Gainesville, Fla 


Washington, D. C. 


Do 

Do 

Do 

Do 

Rockville, Conn 

Do 

Portland, Conn 

Do 

Lockport, N. Y 

Portland, Conn 

Washington, D. C 

East Hartford, Conn 


Philadelphia, Pa 

Greensborough, Ala 
Sandy Spring, Md. . . 

Do 

Chester County, Pa. 
Do 


... do 

. . .do 

... do 

... do 

... do 

. . . do 

...do 

do I 

Nov. 20, 1885 I 
Nov. 20, 1885 
Oct. 10,1680 


Sept. 11, 1880 
July 8, 1886 
Mar. 12, 1886 
June 23, 1886 
Mar. 12, 1887 


Other birds. 


Tree sparrow 


Feathers . 


Sparrow 


Jan., 


1887 


Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do i Dec. 6, 1886 

Do ! Dec. 10, 1886 

Do j do 

Do . ! Feb. 12, 1887 


do 

do 

do 

Feb. 15,1887 
May 28,1887 

do 

Oct. 22,1886 
Dec. 23,1886 
7,1888 
5, 1887 
13, 1887 


!■ 


Mammals. 


Mouse hair 


Meadow mouse 
2 'white-footed 
mice. ' 


Mouse hair 


Mouse hair 


House mouse . . . 
YTiite-f o o t e d 
mouse. 

do 


Jan. 

May 

Feb. 


July 16, 1886 
Apr. 20,1886 


Mar. 2,1887 

do 

Jan. 11,1886 
Jan. 5, 1886 
Apr. 22, 1886 
Jan. 7, 1887 
Jan. 8, 1887 
Nov. 10, 1887 
1876 

Nov. 27, 1886 


3 small birds . 


Screech owl 
...do 


Meadow mouse 


White- f o o t e d 
mouse; mead- 
ow mouse. 

2 meadow mice. 


Mouse 


Pigeon 


2 English spar- 
rows. 


Feather . 
Feathers 


2 pine mice 


2 mice 

Mouse hair ... 
House mouse. 


.do 


Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Delaware County, Pa. . . 


Feb. 

Feb. 

Jan. 

Jan. 

Dec. 

Jan. 

Feb. 

Feb. 

Jan. 

Feb. 

June 

Jan. 

Jan. 


9, 1887 

18.1887 

15. 1887 


17, 1881 
27, 1886 
11, 1887 
9, 1887 

10, 887 
17, 1887 

11, 1887 

7, 1884 

8, 1885 
6, 1885 

Dec. 18, 1886 
Nov. 17, 1880 
Nov. 26. 1880 
Aug. 20, 1876 
Dec. 5, 1879 


House mouse . . . 
Meadow mouse . 
Meadow mouse ; 

house mouse. 
White-f o o t e d 
mouse. 


Meadow mouse. 


House mouse . . . 

do 

do 

. . .do 

Mouse hair 

House mouse . . . 


Mouse hair 


Miscellaneous. 

Remains. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


Do. 

Larv®. 

Grasshopper; 
crickets; craw- 
fish. 

Grasshoppers. 

Frog; remains. 

7 beetles. 

Grasshoppers; 
larvae of bee- 
tles. 


Empty. * 
Beetle. 

Spider. 

Crawfish. 

7 Ma>' beetles. 


May beetles. 
2 cicadas. 
Insects. 


Beetle 


Empty. 

Beetles . 
Empty. 
Indeterminate 
matter. 


English spaiTOv.' 


Mice 
Mice , 


+ 


I 


Mice . 


Trace. 

Empty. 

Do. 

Insects. 

Do. 

Do. 


Grasshoppers. 
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Statement of the stomach contents of more than 1,000 Hawks and Oivls Continued. 

SCKEECH OWL {Megascops asio) — Continued. 




Locality." 


Cedar County, Nebr, 

Do 

Do 


Date. 


Sept., 18GT 
do 


Dakota County, Nebr. . . 

Do 

Seward County, Nebr. . . 
Nemaha County, Nebr. . 

Lancaster Co., Nebr — 

Elmira, N. Y 


Do 

Ilorseheads, N. Y. . 
Chemung, N. Y. . . . 

Elmira, N. Y 

Barton, N. Y 

Waverly, N. Y 

Tioga, Pa 

Wellsborough, Pa . 

Elmira, N. \ 

Do 

Do 

Wellsburgh, N. Y . 

Caton, N. Y 

Washington, D. C. 

Do 

West Chester, Pa. , 


June, 

• 

July, 

Aug., 


1S6S 


Poultry 
or game 
birds. 


Other birds. 


Mammals. 


Small bird. 


Mouse 


Sept. , 
June, 


1 S 70 I 
I'iTe 


■ do 


J O/ D 


Jan. 20, 18S6 

Jan. 30, 1886 
Feb. 4, 1886 
Mar. 7, 1886 
Mar. 21, 1886 
Apr. 13, 1887 
Apr. 15, 1886 
Oct. 5, 1836 
Oct. 8, 1887 
Oct. 21, 1886 
Oct. 23, 1880 
Oct. 25, 1887 
Nov. 2, 1886 
Dec. 24, 1887 
Mar. 25, 1868 

. ... do 

Jan. 6, 1887 


I English sparrow 


Feathers 

English sparrow 


Junco 


Mice . 
do 


Field mice . 
Mice (0 — 


Miscellaneous. 


47 locusts; 12 
other insects. 

32 locusts; 8 
other insects. 

41 locusts ; 22 

other bisects. 

69 insects . 

38 insects. 

67 insects! . 

50 locusts; 16 
other insects. 

49 locusts ; 15 

other insects. 


Insects. 


Mice 


English sparrow 
I Shore lark 


' English sparrow 

I 

; Engiish sparrow 


Mice 


Meadow mouse. 
Jlouse mouse . . 


Empt}'. 

Crawfish . 
Empty. 


GREAT HORNED OYv L {Bubo virginianus). 


Chattanooga, Tenn.. 
New London, Wis. . . 
Chester County, Pa. 


Adairs ville, Ga 

Lockport, N. Y 

Do 

East Hartford, Conn . 
Sing Sing, N. Y 


Do 

Do 

Do 

Paint Rock, Tex, 


Dec. 25,1885 
Oct. 25, 1886 
May 11,1886 

May 20, 1886 
Jan. 2, 1887 


Quail 


Sandy Spring, Md 

Chester County, Pa 

Do 

Dakota County, Eebr. . . 
Elmira, N. Y 


June 16, 1887 
Jan. 19,1883 

.July 9,1884 
Nov. 12,1884 
Feb. 26,1885 
Apr. 23, 1887 


Mar. 12,1887 
Feb. 13,1886 
Sept., 1878 
.July, 1869 
C>ct. 4, 1835 


Guinea 

fowl. 


I Fox squirrel .... 


Do. 


Corning, N. Y . 
Tyrone, N. Y. . . 
Elmira, N. Y. . . 
Breesport, N. Y 
Canton, Pa — 

Tioga, Pa 

Gaines, Pa 


Elmira. N. Y , . 

Do 

Big Flats, N. Y 
Erm, N.Y 


Oct. 


Aug. 15, 1884 
8epi. 4,1886' Poultry 
Nov. 5,1885 
Nov. 2, 1836 
Dec. 13,1884 
Dec. 15,1884 
Dec. 29, 1885 


TTnwl 

. 1 







Rabbit 

. . , IJ.VJ .... 

Guinea 
fowl. 
Fowl . . . 







Shrev/ 

I" ! 

;^bbit 

1 "Pi crAnn 

Cooper's hawk ; 
lark-finch; 
mockingbird. 


Meadow mouse 
Rabbit 

1 -to ■ 1 

+ 




Gopher 

1 


Skunk 

1 

1 

! Ruffed 
1 grouse. 

! 




Gray squirrel. . 


Beetle. 


. .do 


Sandy Spring, Md . 


,Tan. 3, 1884 
Jan. 5,1885 
Jan. 15,1886 
Jan. 29, 1887 

,Aor. 7,1888 


Ruf fed 
grouse . 
Poultry . 


Poultry . 
Ruf fed 
grouse. 


Rabbit 

Skunk — 
Weasel (?) 


30 insectE 


Empty. 


Rabbit . 


Summary. —Of 30 stomachs examined, 16 contained poultry or game birds; 2, other birds, 1, nncc 

12 , other mammals ; 2 , insects; and 1 was empty. 
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Statement of the i-jtomcich conteuts of more thaii 1,000 ffawhs clticIOwIs — Continued-- 

SNOWY OWL {Nyctea nyctea). 


Locality. 


Washington, D. C. 
Portland, Conn . . . 
Keokuk, Iowa 


Lockport, N.Y 

Do 

Chester County, Pa. 


Date. 

1 PouiLi-y 
or game, 
birds. 

j Other birds. 

1 Mammals. 

Mlscelh 

Nov. 11,1885 
Nov. 20, 1885 

1 



Emptv. 

Do: 

1 



Dec. 6,1886 

Prairie 


Meadov/ mouse 

Nov. 17, 1886 

hen. 



d d 

. . . .do 



• 

Dec. 14,1886 



House rat 






Summary. — Of G stomachs examined, 1 contained game bird; 2, mice; and 4 were empty. 

HAWK OWL (Surnia ulula caparocli). 


Quebec, Canada 


Jan. 15,1886 


Meadow mouse. 


Summary, — The 1 stomach examined coritained a mouse. 


BURROWING OWL (Speotyio cuniculo.ria hypogcBa). 


Foi't Buford, Dak 
Wayne Co. , Nebr . 
Do 


Sept. 29, 1887 
June, 18G8 
do 


Pierce Co., Nebr 


do 


I 


Do 


do 


Prairie dog 


Do 


do 


Wayne County, Nebr , . . 
Sydney, Cheyenne Coun- 
ty, Nebr. 

Ogalalla, Keith County, 
Nebr. 

Do 


July, 

June, 


Sept., 
. . .do 


1869 

1875 


135'G 


Mouse 


! Mouse 



GrasshoppeVd. 

62 insects. 

Lizard; 30 in- 
sects. 

49 locu s t s ; 17 
other insects. 

46 locusts; 10 
other insects. 

54 locusts; 8 
other insects. 

65 insects. 

59 locusts; 3 
other insects. 

51 locusts; 12 
other insects. 

58 locusts; 4 

• other insects. 


Summary. — Of 10 stomachs examined, 2 contained mice; 1, other mammal; 10, insects. 


SUMMARY OF STOMACHS EXAMINED. 

Swallow-tailed Kite (Elanoides fo7\ficatus) 

Mississippi Kite (Tctfnia 7aissistiip2Diensis] , 

Marsh Hawk (Circus hudsonins) 

Sharp-shinned Hawk (Accipiter velox) 

Cooper’s Hawk (Accipiter cooper i) 

Goshawk (Accipiter atricapillus) 

Red-tailed Hawk (Buteo borealis) 

Red-shouldered Hawk (Buteo lineatus) 

Swainson’s Hav/k (Buteo sicainsoni) 

Broad-winged Hawk {Buteo latissimus) 

Rough-legged Hawk (Archibuteo lagopus sanct i-J ohannis) 

Golden Eagle (Aquila chrysaetos) 

Bald Eagle (Haliceetus leucocephalus) 

Prairie Falcon (Ealco mexicanus) 

Duck Hawk (Ealco pieregrhuis an atiim) 

Pigeon Hawk (Eedeo columharius) 

Sparrow Hawk (Ealco sj^cirrerius) 


5 
2 

46 

48 

46 

6 

311 

102 

4 

22 

28 

1 

C 

1 

I 

kj 

19 

133 


Total number of hawks 


'85 


Barn Owl (SMx prat incola) 7 

Long-eared Owl (As io Wilson ianus) 47 

Short-eared Owl (Asio accipitrinus) 45 

Barred Owl (Sip'nium nebulosum) 37 

Florida Barred Owl (Syrnium nebulosum alleni) 4 

Saw-whet Owl (Nyctala acadica) 6 

Screech Owl (Megascop)s asio) ! 94 

Great Horned Owl 30 

Snowy Owl (Nyctea nyctea) 6 

Hawk Owd (Surmia xiiida cagiaroch) 1 

Burrowing Owl (Speotyto cu^iictdaria hypogaxC) 10 


Total number of owls 287 

Total number of hawks 785 


Total number of hawks and owls 


1,072 
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EXPERIMENTS IN POISONING. 

By Dr, .A. ,TC. Fisher, Assistant Ornithologist. 

So little definite information is available concerning practical 
methods of destroying injnrions species of birds and mammals by 
poisons, and so many letters of inquiry have been received ])y the 
Department asking for detailed instructions on the subject, that it 
has been found necessary to conduct a series of experiments in order 
to obtain the desired information. It was important to determine 
not only what poison is most olhcient and best adapted for the pur- 
|jose, but also the most economical poison, the quantity necessary 
for use, and the simplest method of preparation. As an easily 
accessible and hardy bird, and one which could be procured in any 
desired numbers, che English Sparrow was selected as the first 
species to be experimented upon. A large number of healthy 
English sparrows were secured and confined in large cages. They 
were given an abundance of food and water duinngthe time covered 
by the experiments, so that they might not be forced from hmnger 
to xiartake of the poisoned grain. 


POISONS USED IN THE EXPERIMENTS. 

The following poisons were used in the experiments : 

Strychnine, 

Arsenic. 

Corrosive sublimate. 

Of strychnine, two preparations were used : 

Crystals of strychnine. 

Tincture of nux vomica. 

Of arsenic, the following preparations were used : 

Arsenious oxide (white arsenic). 

Arsenite of copper (Paris green). 

Arsenite of calcium (London purple). 

Arseniate of soda. 

Liq. Potassii arsenitis (Fovder’s solution). 

POISONS RECOMMENDED. 

The results of these exj)eriments have led to the recommendation 
of the following formuhe as simple, efficacious, and inexpensive: 


Arsenic.-— O ne part by weight of white arsenic to fifteen parts of corn meal or 
grain. (Paris green and London purple would be just as valuable as white arsenic, 
except for their briglit color, which arouses the sparrow’s suspicion.) 

piroctions . — If corn meal is used, the arsenic should be stirred in drj^, and the 
mixture afterward moistened. It should be fed moist. If whole grain is used, it 
should be inoistcned *before stirring in the arsenic. It will be found advantageous 
to add a little gum arabic to the water used to moisten the grain, as it causes the 
poison to adhere more lirmlv to the kernels. It should be dried before using. 
Wheat is preferp.ble to all other grain, because the sparrows feed upon it more 
eagerly. 


Strychnine. — Dissolve 2 grams of strychnine in a liter of hot water. (Ordinarily 
strychnine is put up in bottles containing one-eighth of an ounce. Plalf of the con- 
tents of one of these l:sottles. dissolved in a quart of hot water, gives a solution 
of the desired strength.) 



/ 
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Directions , — To insure the best results it is necessary to soak the grain in the 
poison solution at least forty-eight hours. It should then be dried. Grain prepared 
in this way may be kept in jars, to be used as requii’ed. 

Corrosive siiblimate, cyanide of potassium, phosphorus, and a 
immher of other poisons, althongh efficient, can not be recommended 
on acconnt of the danger attending their nse, 

GENERAL SUGGESTIONS. 


In dealing with as suspicions a bird as the English Sparrow, in 
cases where the continued use of the poison is required, a slow poison 
(such as arsenic) is preferable to one of rapid action (such as strych- 
nine), for the reason that the effects of the latter may become appar- 
ent in certain individuals while tlie birds are still feeding, the pecu- 
liar actions of the altected birds frightening the others away before 
they have taken enough of the poisoned grain to insure fatal results. 
In such cases it has been observed that the frightened birds never 
return to the grain. 

Before putting out poison for sparrows, the birds should be baited 
to a certain locality. At tli a same hour each day they should be fed 
with the same kind of grain that subsequently is to be used as the 
vehicle for the poison. 

PRECAUTIONS. 


In the use of poisons the utmost caution is necessary to prevent 
the possibility of accident from the poison itself, or from the grain 
employed as a vehicle for the poison. The follovfing precautions 
should be observed : (1) All vessels containing poison or poisoned 
grain, and those in which the same are mixed, should be labeled 
with the word Poison, in large letters; (2) all vessels containing 
poison or poisoned grain should be kept out of reach of children and 
domesticated animals; (3) in preparing and exposing poisoned grain, 
great care should be taken to avoid spilling any of it where it might 
be found by children, farm animals, or poultry. 

Another possible source of danger in the use of poisons, and one 
that is much less easy to guard against, arises from the fact that the 
bodies of the poisoned birds are liable to fall where they may be 
picked up and eaten by man or beast. However, very little real 
danger is to be apprehended from this source. 


SYNOPSIS OF EXPERIMENTS. 

Following is a brief synopsis of the experiments in poisoning made 
by the division: 

EXPERIMENTS WITH STRYCHNINE. 

No. 1. (1 bird.) Fed on wheat soaked one and a half hours in a solution of spych- 
nine (.65 of a gram to 80 c. c. of cold water) and dried. Bird commenced eating at 
1.16 p.m. At 1.27 p, m. showed first symptoms. At 3.10 p.m. it had apparently 
nearly recovered. Next morning it was dead. Stomach and croii contained 9 ker- 
nels of wheat. • 

No. 2. (1 bird.) Fed on hemp seed soaked twenty-four hours in a solution of strych- 
nine (.325 of a gram to 30 c. c. of cold water) and dried. Bird commenced eating 
at 11.35 a. m. ; died at 12.20. Crop contained 8 shelled hemp seeds; stomach none. 

No. 3. (3 birds.) Fed on hemp seed soaked twenty-four hours in a solution of strych- 
nine (.65 of a gram to 30 c. c. of cold water) and dried. Commenced feeding at 12.15 
(it is impossible to say that all three commenced at that time). Bh’d No. 1 died at 
12.42. Crop contained 3 shelled hemp seeds; none in stomach. Bird No. 2 at about 
1 o’clock showed first symptoms while eating; at 3.10, however, it had partially 
recovered. It was dead the next morning, Stomach and crop contciined 4 to 5 
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kernels. Bird No. ‘3 ate the poisoned hemp seed and non-poisoned wheat until 3.10 
p. m., seemingly without bad results. It was dead next morning. Three kernels 
of hemp seed were all that could be discovered in the stomach and crop, which 
contained also 10 to 12 kernels of non-poisoned wheat. 

No. 4, (2 birds.) Fed on wheat soaked forty-five hours in a solution of strychnine 
(.825 of a gram to 30 c.c.of cold water) and dried. Commenced eating at 10.20; 
both dead at 11.05. Each had eaten 3 kernels of wheat. 

No. 5. (1 bird.) Fed same as above. Commenced eating at 12.30; died at 1.14 
p.m. Stomach contained wheat partially digested; nothing in crop. 

No. 6. (1 bird.) Fed on oats soaked twenty hours in a solution of strychnine 
(.65 of a gram to 30 c.c. of cold water) and not dried. Bird commenced eating 
about 11 o’clock, but seemed not to relish the food. At 11.20 the bird was unsteady 
in its movements, but at 8.45 it wa.s in good condition. Next morning had wholly 
recovered ; probably did not eat enough of the poisoned grain. 

No. 7. (2 birds.) Fed on non-poisoned hemp seed and wheat, and given water to 
drink containing .325 of a gram of snip, strychnine to 30 c. c. of water. Four 
hours afterward they were visited, and both were found dead and cold. 

No. 8. (5 birds.) Fed on wheat soaked for forty-eight hours in a solution of strych- 
nine (.16 of a gram to 30 c. c. of water). Commenced eating at 11.45 a. ni. At 1.45 
p. m. two were dead. At 2 p. m. the third was dead. At 3 p. m. the fouidh was 
dead. The last was found dead the next morning. 

No. 9. (2 birds.) Fed on wheat soaked for forty-eight hours in solution of strych- 
nine (.065 of a gram to 30 c. c. of water). Commenced eating at 10 a. m. First bird 
died at 10.45. Its stomach and crop contained 10 kernels of wheat. At 11.10 the 
second bird died. Its crop contained 4 kernels; stomach empty. 

No. 10. (5 birds.) Fed on wheat soaked forty-eight hours in solution of stry chnine 
(. 03 of a gram to 30 c. c. of water). Commenced eating at 1 p. m. At 2p.m. the first 
bird was dead, and another badly affected, but recovered. Two were dead next 
morning. The fifth bird was not affected; probably did not eat enough. This solu- 
tion would seem to be too weak to give certain results. 

EXPERIMENTS WITH TINCTURE OF NUX VOMICA. 

No. 11. (8 birds.) Fed on wlieat soaked twenty-four hours in tincture of nux 
vomica and dried. At 10.30 a.m.one bird eating; at 10.55 affected; at 1.15 p.m. 
symptoms passing off; recovered. At 1.15 p. m. second bird dead; stomach con- 
tained 8 kernels of wheat; crop empty. Another bird commencing to eat at 11 a. m. ; 
died at 1.10 p. m. ; stomach contained 4 kernels of wheat; crop none. 

EXPERIMENTS AVITH CORROSIVE CHLORIDE OP MERCURY (CORROSIVE SUBLIMATE). 

No, 12. (2 birds.) Fed on vdieat soaked twenty-four hours in a saturated solution 
(in water) of corrosive sublimate and dried. Birds commenced to eat at 10.30 a. m. 
First bird died at 1.15 p. m. ; stomach and crop empty. Second bird died at 3 p. m. ; 
2 kernels of wheat in stomach; crop empty. 

EXPERIMENTS WITH AVHITE ARSENIC. 

No. 13. (1 bird.) Fed on Indian meal and white arsenic (15 to 1) mixed with a 
little water. Commenced to eat immediately (9.45 a. m.). At 3.45 bird still in good 
spirits. Dead next morning. Stomach and crop empty. 

No. 14. (1 bird.) Fed same as No. 18. Commenced to eat at 9.30 a. m. ; badly 
affected at 2 p. m. ; dead at 2.54 p. m. Stomach and crop empty. 

No. 15. (3 birds.) Fed same as Nos. 13 and 14. Commenced to eat at 8.45 a. m. At 
8p.m. two affected and one seemed in good spirits. All were dead next morning. 
Stomachs and crops empty. 

No. 16. (2 birds.) Fed on Indian meal and Avhite arsenic (15 to 2), moistened. 
Commenced to eat at 10.30 a.m. First bird died at 3 p.m. Stomach and crop 
empty. Second bird affected at 3.20; dead next morning. 

• 

EXPERIMENTS WITH ARSENIATE OF SODA. 

No. 17. (1 bird.) Fed on hemp seed soaked one and a half hours in a solution of 
arseniate of soda (1.56 grams to 30 c. c. water) and dried. The bird ate freely, but 
recovered. 

No. 18. (1 bird.) Fed on hemp seed soaked one and a half hours in a solution of 
arspniate of soda (2.10 grams to 30 c. c. water) and dried. Dead (^ime not taken). 
Stomach and crop contained 12 hemp seed. 


436 REPORT OP THE COMMISSIOHER OP AORIOTJLTURE. 

No. 19. (2 birds.) Fed on wheat soaked three hours in a solution of arseniate 
of soda (2.10 grams to 30 c.c. water) and dried. Commenced to eat at 9.30 a.m. 
First bird dead at 10.35 a. m. ; crop empty ; stomach contained four kernels. Second 
bird dead at 2.35 p. m. ; crop and stomach empty. 

EXPERIMENT WITH LIQUOR POTASSII ARSENITIS (FOWLER’S SOLUTION). 

* 

No, 20. (2 birds.) Fed on wheat soaked seventy-two hours in Fowler’s solution of 
arsenic (liq. Potassii arsenitis). Commenced eating at 10 a. m. ; lively at 4 p.m. 
Both dead next morning. 

EXPERIMENTS WITH ARSENITB OF C ALCIUM (LONDON PURPLE). 

No. 21. (1 bird.) One hungry bird exposed to ground hemp seed and London pur- 
ple (15 to 1) for five hours, but would not touch it on account of its marked color. 

Note. — When mixed with whole grain the color is not so conspicuous. (See next 
experiment.) 

No. 22. (3 birds.) Fed on wheat and London purple (15 to 1) stirred up with a 
little gum-arabic water and then dried. Commenced eating at 9.45 a. m. First one 
dead at 3.30 p. m. ; stomacli and crop empty. Second and third badly a,.tfected at 
3.30 p. m. ; dead next morning ; stomach and crop empty. 

EXPERIMENTS AVITII ARSENITE OF COPPER (PARIS GREEN),, 

No. 23. (3 birds. ) Three hungry birds exposed to ground hemp seed and Paris 
green for four hours, and refused to eat it ou account of its brigJit color. 

No. 24. (3 birds.) Fed on Avheat and Paris green (15 to 1) stirred up with a little 
gum-arabic water and then dried. Commenced to eat at 9.45 a. m. First bird dead 
at3.30p, m. ; stomach and crop empty. Second and third birds badly affected at 
3.30 p. m. ; dead next morning ; stomachs and crops empty. 


REPOET ON SOME OF THE RESULTS OF A TRIP THROUGH PARTS 

OF MINNESOTA AND DAKOTA. 


By Vernon Bailey, Field Agent. 


Mr. Bailey wa,s employed' by the division to make field investiga- 
tions in Minnesota and Dakota for the purposes set forth in the ac- 
companying letters of instruction ; 


United States Department of Agriculture, 

Commissioner’s Office, 
Washington, D. C., May 4, 1887. 

Sir : You are hereby appointed a special field agent of the Division of Economic 
Ornithology and Mammalogy of this Department, * * * your ap])ointment to 
date from May 10, instant. ^ _ . 

You will set out on an expedition for the purpose of investigating the food habits 
and distribution of tlie mammals and birds of certain parts of Minnesota and 
Dakota. You will proceed direct to Round Lake, Nobles County, Minn., to inves- 
tigate the damages inflicted upon the newly-planted corn by Blackbirds, of which 
grievous complaints have been made to me by the farmers of that region. You 
will determine the species which occasion the damage, examine their breeding- 
grounds, and suggest such measures as you may deem practicable for the relief of the' 
losses they sustain. From Round Lake ’you Avill proceed to Heron Lake ( Jackson 
County) for the purpose of ascertaining positively Aj^hat species of birds breed at 
that place, concerning which very remarkable reports haA^e reached the Depart- 
ment. From Heron Lake you avIU cross the boundary into Dakota, and work 
northward to the Fort Sisseton Indian Reservation and the Traverse Lake region 
(including Big Stone Lake), on the boundary line, visiting points on both shores. 
Thence proceed nortli, in the Red RiAur valley, to Pembina, collecting as much in- 
formation as possible concerning the depredations of Gophers in that region, and 
determining in each case Avhich species of Gopher is responsible for the injury. 
Throughout the trip you will make a special study of the habits of the peculiar 
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sectivorous Mouse, known as the Missouri Grasshopi3er Mouse {Hesperomys leuco- 
gasfer). 

From Pembina you will proceed, if practicable, to the Turtle Mountain region, 
and thence to Forts Berthold and Buford on the Missouri. If this route is not prac- 
ticable, you will lu’oceed from Pembina to Devil's Lake (in Ramsey and Benson 
Counties) ; thence to old Fort Berthold, apd thence to Fort Buford. Before leaving 
this part of Dakota you will visit the ascend the Little Missouri 

as far as practicable. Thence proceel^py the most direct available route to the 
Black Hills of Dakota. It may be necessary to descend the Missouri to Fort 
Abraham Lincoln, and thence, by the old post-road, proceed to Fort Meade. You 
veil! visit some of the higher mountains of the Black Hills and determine their 
fauna. Thence proceed to the ‘ ‘ Bad Lands,” and the ‘ ‘ Sand Hill Desert ” just south 
of it, remaining long enough at each place to learn the peculiarities of its fauna, and 
the principal food of the species which live there. 

You will receive detailed instructions for your routin:. tield work from the Orni- 
thologist of this Department. 

Respectfully, 

Norman J. Golman. 

Commissioner. 


Vernon Bailf.y, Esq., 

Elk River, Minn. 


United States Department of Agriculture, 

Division of Economic Ornithology and Mammalogy, 

Washington, D. C., May 5, 1887. 

Dear Sir : In obedience to your commission, which this letter accompanies, you 
will set out for Round Lake, Minn., on the 10th instant, for the special purpose of 
investigating the damage done the newly-planted corn crop l)y Blackbirds. If on 
your arrival at Round Lake you learn that the season is so backward that corn will 
not be up for a week or ten days, you will proceed at once to Heron Lake (for the 
purpose specified in your commission). 

Unless you find a particularly promising locality in southeastern Dakota you had 
better proceed at once to Fort Sisseton and the Traverse Lake region, where you 
ought to stay about two weeks. 

* ****** 


Before leaving any locality at which you have stopped a few days give a brief ac- 
count of the more important physical features of the place. Tliis will help explain 
any peculiarities which the species found there tnay suggest. 

You will make a collection of the stomachs and gizzards of birds, in accordance 
with instructions contained in Circular 4, of which a copy is inclosed. 

Respectfully, 

C. Hart Merriam, 

Ornithologist. 

Mr. Vernon Bailey, 

Elk River. Minn. 


Supplementary instructions were sent from time to time, but the 
above sufficiently cover the objects and. general direction of the ex- 
pedition. 

Mr. Bailey was in the field aliout five months, during which time 
he made a valuable collection of the stomachs of birds and mammals 
of economic importance, and secured much useful information con- 
cerning their food habits and distribution. His report is too bulky 
to be printed as a whole, hence portions relating to .Blackbirds and 
mammals, together with his descriptions of the localities visited, have 
been selected and arranged for publication as a part of the present 
report. For the determination of the specimens collected, and for 
the nomenclature employed, the ornithologist of this department is 
responsible. 
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BLACKBIRDS. 

Yellow-headed Blackbird {Xanthocephcdus axinthocephalus). 

Heron Lake, Jackson Connty,;®|nn., May 14, 1887. — These birds 
are very nnmerons here, and do nM^ damage to crops than at Ronnd 
Lake. Ko corn can be raised on account of tkem, and it is hard 
work to get a crop of wheat, oats, or flax, without more or less injury 
from them. 

The species of Blackbirds most numerous here, and of which most 
complaint is made, are the YelloAv-headed and Red-winged. The 
Purple Grackle, Cowbird, and Bobolink are present, but in less num- 
bers; consequently the damage they do is not of so much importance. 
The Yellow-heads and Red-wings seem to be in about equal numbers 
and of much the same habits, nesting in company among the reeds 
and coarse grass of the slough and borders of lakes. Their nests are 
almost always placed in bunches of grass surrounded by water; this 
is of importance, because where there are no suitable breeding places 
there are no blackbirds. The reason the blackbirds are so numerous 
here evidently is because the prairies contain a great many sloughs, 
or wet marshes, with coarse grass and reeds growing in and around 
them. Here the birds build their nests, going to the surrounding 
fields for food. For information regarding the injury done corn I 
have had to depend almost entirely on what I could le^irn from the 
farmers, as very little corn is planted here this year. I could hear 
of but one field ( 8 acres) ; it was o miles from town and 2 miles from 
the lake. This I visited, but found the corn not yet up (May 21). A 
forkful of manure had been placed over each hill to keep the birds 
from finding it as soon as out of the ground. The farmers near 
Heron Lake say it is of no use to plant corn at all, as they can not 
keep the birds off. Mr. Thomas Miller, who lives near the lake, 
says he planted a piece of corn last year, and that by constant watch- 
ing with a. shot-gun, and planting over the hills that had been pulled 
up for the second time, he succeeded in raising about two-thirds of 
the hills planted; and then in the fall the birds destroyed a large 
part of that before it ripened. He says the birds do as much damage 
to the crops before harvest in the fall as they do in taking the seed 
in the spring. 

The principal crops raised here are wheat, oats, and flax. These 
crops are now so far advanced that the birds can not injure them 
much more, but they are still constantly visiting the fields, and the 
stomachs preserved will show what their food is. All through the fields 
of flax, wheat, and oats are spaces bare of grain and coming up to 
weeds. 

In the latter part of summer the Blackbirds are said to congregate 
in large flocks and devour and break down a great deal of wheat, 
oats, and barley just before it ripens. I can not learn positively what 
species are responsible for this damage; probably the Rusty Grackle 
is one. 

I can not suggest any means of immediate relief, but believe that 
the extermination of the Blackbirds, especially the Yellow-headed, 
Red- winged, and Purple and Rusty Grackles, would be of great ad- 
wantage to the farmers. But how is this to be done? I do not think 
by the shot-gun, for I have found it very difficult to get specimens 
for stomachs in that way. They are so shy that it is difficult to ap- 
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proacli within shooting distance. The only way I could kill them 
was to get where they fly from the lake to the fields and shoot them 
as they passed. I am told that they wdll not eat grain soaked in 
strychnine or arsenic^ hut I think a series of experiments in poison- 
ing them might be profitable. They seem easily baited, and per- 
haps could be caught in nets like pigeons. 

The legislature of Minnesota has authorized the county commis- 
sioners to allow a bounty on Blackbirds and Gophers, but in this 
county no action has been taken in the matter, and the people do not 
seem to think it much use. Perhaps the birds could be killed when 
they have young by going among their nests. 

Round Lake, Nobles County, Minn., May 12, 1887. — Abundant. A great many 
are just beginning to build nests. 

Ortonville, Big Stone County, Minn., June 13, 1887. — Numerous; breeding in the 
reeds along the lake. Found 21 nests in going about 40 rods along the shore. They 
were all built in the reeds, and were from 1 to 5 feet high. Two nests had sets of 
four eggs; two of three; one of two; one of one; one three young and one egg; and 
two had shells of eggs. Twelve nests were empty, though all completed. Most of 
the empty nests were over dry ground. Only one nest on dry ground had eggs; it 
was 4^ feet high. Most of the nests over water contained eggs. 

Brown’s Valley, Traverse County, Minn., June 21 to July 8, 1887. — Nuraerous; 
a great many breed in the reeds at the south end of Lake Traverse. June 23, all 
the young were out of the nests, and many of the adults had gathered into loose 
flocks along with Purple Crackles, Red-wings, and Cowbirds„ and were feeding on 
a field of Hungarian grass (Setaria italica) which has just been sown. This field 
contains about 80 acres, and I estimated that there were not less than 300 Black- 
birds and 100 Mourning Doves on it at one time. The stomachs sent will show 
their food. 

Graceville, Big Stone County, Minn., July 11, 1887. — There are two clear lakes 
here surrounded by timber, and in places by high grass, rushes, and reeds. There 
is a large slough with rushes and grass. Here I found large flocks of Blackbirds 
(seemingly composed of about equal numbers of Red-wings, Yellow-heads, and 
Purple Crackles). There was a flock of about 200 near the elevator when the train 
came in, and many small flocks and loose birds were picking grain in the streets. 
Having to wait seven hours for the train, I w^ent among the sloughs and found the 
birds very numerous. Many young that could fiy only a short distance were in the 
grass. Many of the adult Yellow-heads were in the midst of their moult, the new 
black feathers showing plainly among the old rusty ones. Their wings were gen- 
erally ragged, and some were minus a tail. Tlie moult was not noticeable among 
the Red-wings and Purple Crackles at a distance. Later in the afternoon I saw 
several large flocks in the wheat and oat fields. This is the first time I have seen 
them feeding on grain. 

Flandreau, Moody County, Dak., May 25-31, 1887. — Saw one pair; they do not 
stay here. 

Fort Sisseton, Marshall County, Dak., June 15-18, 1887. — Numerous about the 
sloughs. 

Harv/ood, Cass County, Dak., July 12-15, 1887. — Common. 

Devil’s Ijake, Ramsey CMunty, Dak., August 6-19, 1887. — Numerous in large flocks 
with Red-wungs, Cowbirds, and Purple Crackles, and feeding on wheat and oats. 
They seem to prefer ripe grain, and feed from the shocks. They are about in equal 
numbers with Red-wings. 

Bottineavi, Dak. (western edge of Turtle Mountain), August 22-30, 1887. — Scarce; 
liave seen but 2 or 3 in flocks v/ith other Blackbirds. 

Fort Buford, Dak., September 1-20, 1887. — About 20 were in the flocks of other 
blackbirds at first, but none were seen after about September 10. They were feed- 
ing on grasshoppers and wild sunflower seeds. 

Red- WINGED Blackbird {Agelaius phce>niceus.) 

Round Lake, Nobles County, Minn., May 12, 1887. — Numerous. 

Heron Lake, Jackon County, Minn., May 14, 1887. — Numerous; breeding. Creaf 
("omplaints are made of their depredations. (See remarks under Yellow-headed 
Blackbird.) 

Ortonville, Big Stone County, Minn., June 13, 1887. — Not numerous. 

Brown’s Valley, Traverse County, Minn., June 21-July 8, 1887. — Numerous. 
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Graceville, Big Stone County, Minn., July 11, 1887. — Numerous ; feeding on. grain. 
(See Yellow headed Blackbird.) 

Flandreau, Moody County, Dak., May ?3-31, 1887. — Not numerous; a few breed 
along the banks of the rh er and in tlie bushes. Found one nest in a bush 4 feet 
high, and one in a bush 8 feet high. 

Fort Sisseton, Marshall County, Dak., June 15-18, 1887. — Numerous. 

Harwood, Ca*s County, Dak., July 12-15, 1887 — Common. 

Pembina, Dak., July 2l-August 2, 1887. — Have not seen more than 5 or 6 except 
at a slougb where there was a flock of about 20 

Devil’s Lake, Ramsey County, Dak., August 6-19, 1887. — Numerous in large flocks 
(from 1,000 to less). As near as I can judge these flocks are composed of about 
40 per cent. Red-wings, 40 per cent. Yellow-heads, 15 per cent. Cowbirds, and 5 
per cent. Purple Crackles. Sometimes they separate into flocks composed mainly 
of one species, but are constantly changing and mixing. The grain-flelds near a 
lake or grove suffer most, while those far from either are seldom visited. The birds 
begin to feed at sunrise, and remain in or near the field until about sundown, when 
large flocks pour into the reeds near the lake to roost. Besides what they eat, they 
shell and knockoff much grain, and where it has become thoroughly ripe before 
being cut the ground is co\ ered with grain. 

Bottineau, Dak. (western edge of Turtle Mountain), August 22-30, 1887. — Numer- 
ous in large flocks, feeding mostly on fields of unripe oats. Roost in reeds and wil- 
lows along the creek. 

Fort Buford, Dak., September 1-20, 1887. — About 20 were seen in a flock of other 
Blackbirds early in Seiitember, but none were seen after the 10th. They were feed- 
ing on grasshoppers and sunflower seeds. 

Purple Crackle (Quiscalns quiscula). 

Heron Lake, Jackson County, Minn., May 13-22, 1887. — Scarce; found three or 
four pairs breeding in groves. 

Ortonville, Big Stone County, Minn., Juno 13, 1887. — Common; breeds in the 
timber along the lake. 

Brown’s Valley, Traverse County, Minn., June 21-July 8, 1887. — Common. (See 
Yellow -headed Blackbird.) 

Graceville, Big Stone County, Minn., July 11, 1887. — Numerous, (See Yellow- 
headed Blackbird.) 

Flandreau, Moody County, Dak. , May 25-31, 1887. — Common. 

Flarwood, Cass County, Dak., July 12, 1887. — Common. 

Grand Forks, Dak., July 19, 1887. — Common. 

Pembina, Dak., July 21-August 2, 1887. — A flock of 15 or 20 stay in town and 
feed around kitchen doors and in the streets ; have not seen them out of town. 

Devil’s Lake, Ramsey County, Dak., August 6-19, 1887. — Common; not numer- 
ous. 

Bottineau, Dak. (western edge of Turtle Mountain), August 22-30, 1887. — Common 
in large flocks feeding on grain and bur-oak acorns. 

Brp: vver’s Blackbird {Scolecophagus cyanocephalus). 

Pembina, Dak., Jul3^ 21-August 2, 1887. — Saw^ about 20. 

Fort Buford, Dak., September 1-20, 1887. — Numerous ; probably 500 stay around 
the settlement, feeding largely oi« grasshoi:>pers. They also eat wdld sunflower seed 
(Helianthus), and feed along roads, railroads, and around houses. They roost in 
the brush on the flats. 

Tilyou’s Ranch, Dawson County, Mont., September 23-October 7, 1887.~Coj;n- 
mon. Saw^ a flock of about 40 wdth a lierd of sheep ; half of the flock w'ere on the 
backs of the sheep most of the time. 

CowBiRD {Molothrus ater). 

Round Lake. Nobles County, Minn., May 12, 1887. — Common. 

Heron Lake, Jackson County, Minn.. May 13 22, 1887. — Numerous. 

Ortonville, Big Stone County, Minn., June 13, 1887. — Numerous. 

Brown’s Valley, Traverse County, Minn., June 21-Jul3^ 8, 1887. — Numerous. 

Flandreau, Moody County, Dak.. May 25-31, 1887. — Common. 

Fort Sisseton, Marshall County, Dak., June 15-18, 1887. — Numerous. 

Harwmod, Cass County, Dak., July 12-15, 1887. — Common. 

Pembina, Dak., July 21-August 2, 1887. — Common. Have not seen them in 
fields. A flock of about 20 go with a herd of cows. 
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Devil’s Lake, Ramsey County, Dak., August 6-19, 1887.— Common ; in flocks witk 
other Blackbirds, feeding on grain. Generally a few accomi^any every herd of 
C3jttl0 

Bottineau, Dak. (western edge of Turtle Mountain), August 22-30, 1887. — Com- 
mon in flocks with Red- winged Blackbirds. 

Fort Buford, Dak., Sej^tember 1-20, 1887. — A few seen with the Blackbirds early 
in September ; none seen as late at September 20. 

Bobolink {Dolichonyx oryzivorous). 

Grand Forks, Dak., July 19, 1887. — Found one flock of about 20 feeding in an 
oat'field. The males are clianging color ; some are half brown. ^ 

Pembina, Dak. , July and August, 1887.— Common ; breeds. Seen mostly in flocks 
feeding on grain. 

Devil’s Lake, Ramsey County, Dak,, August 6-19, 1887. — Common in flocks of 
from 25 to a less number ; nearly always found in a field of unripe oats. The old 
males are about half black and white, and half yellow. A few young have unde- 
veloped tails. 

Bottineau, Dak. (western edge of Turtle Mountain). August 22-30, 1887. — Com- 
mon in small flocks, feeding on grain. 

Flandreau, Moody County Dak., May 25-31, 1887.— Numerous, 

Fort Sisseton, Marshall County, Dak., June 15-18, 1887.- — Numerous. 

Fort Buford, Dak., September, 1887. — One seen September 20. 

Round Lake, Nobles County, Minn., May 12, 1887. — Common. 

Heron Lake, Jackson County, Minn., May 13-22, 1887.— Numerous. 

Ortonville, Big Stone County Minn., June 13, 1887. — Numerous. 

Brown’s Valley, Traverse County, Minn., June 21-July 8, 1887. — Tolerably com- 
mon, but not numerous. ^ 

Franklin's Gull {Larus franMini). 

Devil’s Lake, Ramsey County, Dakota, August, 1887. —Numerous. Flocks of from 
50 to 500 were seen every day flying over the prairie in the afternoon. They were 
seldom far from the lake before noon. They feed on grasshoppers, and g€>nerally 
choose a field or level ipiece of prairie and circle around in a loose flock, comings 
to within a few feet of the ground (Just sweeping the grass tops), but I have not 
seen them light. August 11 1 had a fine opportunity to watch a flock. They came 
from the lake at 3 p. m. At first a small flock aridved, but at 3.15 it had increased 
tb 300 or 400 birds. The place was a large area of low grassy prairie where grass- 
choppers were very abundant. The Gulls ci clod round and round near the grass 
tops until 3.30 p. m., and then all at once rose and flew away to the lake or to some 
other feeding ground. 

Flandreau, Moody County, May 25-31, 1887.— Saw 5 following the river. 

Fort Sisseton, Marshall County, June 15-18, 1887. — Common, 

Round Lake, Minn., May 12, 1887. — Common. 

Heron Lake, Jackson County, Minn. , May 13-22, 1887. —Common; found no nests. 

Ortonville, Big Stone County, June 13, 1887. — Flocks are seen occasionally, but do 
not breed here. 

Brown’s Valley, Traverse County, June 21-July 8, 1887. — Sometimes numerous 
and then not seen again for days . 

Graceville, Big Stone County, July 11, 1887.— Common on the lakes. I think they 
must breed ai. the north end of Lake Traverse, as I saw several when I entered the 
valley. 


AIAMMALS. 


Panther ; Mountain Lion (Felis concolor), 

Mont ana. ---Tilyoufs Ranch, Dawson County, September and October, 1887 : Orfe 
is said to have killed a number of sheep lately about 20 miles from here. 

Dnfcofu.— Black Hills, November, 1887 : Said to bo common in the wuldest part of 
the hills. One young was brought into town by a liunter who killed the mother 
and the ■ )ther young. I saw it No^aunber 2, a few" days after it was caught, and 
think it wuuld have weighed ab*out 8 pounds then. The hunter said that the old 
one had just killed a large buck Black-tail Deer. 
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Canada Lynx {Lynx canadensis). 

Minnesota . — Elk River, Sherburne County, November, 1887: Rather scarce. 

Wildcat {Ijynx rufus). 

Minnesota . — Elk River, Sherburne County, November, 1887: Quite common here, 
and said to be numerous in the heavy timber in northern Minnesota. 

Dakota . — Turtle Mountain, August, 1887: Said to occur. Deadwood (in Black 
Hills), October, 1887; a few tracks seen in the snow. 

Montana . — Tilyou’s Ranch, Dawson County, September and October, 1887: Num- 
erous in the brush, feeding principally on the little Gray Rabbits. A number of 
hides taken here seem much more red than any I have seen before. 

Coyote; Prairie Wolf {Canis latrans). 

Minnesota . — Elk River, Sherburne County, 1887: Common, and at times numer- 
ous; very troublesome to sheep-raisers. In the fall of 1882 we had 80 sheep run- 
ning out in the woods, and the wolves killed 22 of them. They were evidently all 
Coyotes, as no others were seen and there were no other tracks. Only one or two 
were killed at a time. Sheep can only be kept here by housing at night and keep- 
ing in an open pasture during the day. Very few are kept in this vicinity on ac- 
count of the wolves. 

Dakota . — Flandreau, May, 1887: Said to be present. Bottineau (on western border 
of Turtle Mountain), August, 1887: Said to bo numerous. 

Montana . — Tilyou’s Ranch, Dawson County, September, 1887: Common; hear them 
bark and howl nearly every morning. 

Timber Wolf {Qanis occidentalis). 

Minnesota . — Elk River, Sherburne County, 1887 : Common here twenty years ago, 
but not found now except in the heavy timber to the north. 

Montana . — Tilyou’s Ranch, Dawson County, September and October, 1887: A 
few are said to occur. 

Red Y(ys.{yulpes fulvou^. 

Minnesota . — Elk River, Sherburne County, 1887: Common. 

Dakota . — Fort Sisseton, June, 1887: Said to be common. Devil’s Lake, Ramsey 
County, August, 1887: Common. Black Hills, October, 1887: A few tracks seen in 
the snow. * ^ 

Montana . — Tilyou’s Ranch, Dav^^son County, September and October, 1887: Said 
to be common. 

Black Bear ( Ursus amer'icanus). 

Minnesota . — Elk River, Sherburne County, 1887 : Formerly common here, as 
they still are in the timber 50 miles to the northeast, from which region they occa- 
sionally ramble through their old haunts in this vicinity. In the past five years 
there have been two or three special bear migrations in autumn, when they have 
become common here. 

Dakota . — Devil’s Ijake, Ramsey County, August, 1887 : Said to occur. Turtle 
Mountain, August, 1887 : Said to be common. Fort Buford, September,’ 1887 : 
Occurs, but not so plentifully as formerly. Black Flills, October and November, 
1887 : Said to be found throughout the hills, and of three kinds — Black, Brown, and 
Silvertip. Could learn nothing definite about them. 

Montana . — Tilyou’s Ranch, Dawson County, September and October, 1887 : Said 
to occur, but scarce. 

Raccoon {Procyon lotor). 

Minnesota . — Elk River, Sherburne County, 1887 : Common. ’Coons sometimes 
eat corn in the field, esx^ecially before it is ripe. 

Dakota . — Harwood, Cass County, July, 1887 : Said to be common. Devil’s Lake, 
Ramsey County* August, 1887 : Common. 

Weasel {Putorius crmineus), 

Minnesota. — Elk River, Sherburne County, 1887 : Common. In the lifteen years 
that I have been on a fhrm we have always kept a large flock of chickens, and only 
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two have been killed by Weasels, so far as I know. During the past three years 
weasels have been abundant — more so, I think, than ever before — and all kinds cf 
mice, particularly field mice (Arvicoloe) have been unusually scarce. 

Yellow-bellied Weasel (Pidorius longicauda). 

Dakota. — Fort Sisseton, Marshall County, June, 1887 : Caught one. It had eaten 
a large Pocket Gopher all but the head (the gopher was in a trap) and when it came 
back.it took the gopher’s place. Pembina, July, 1887 : Said to be common. Devil’s 
Lake, Ramsey County, August, 1887: Seems common. Caught two in the holes of 
Pocket gophers {T. talpoides), and think these gophers form a large part of their 
prey. Their holes are so slightly filled with dirt that the weasel can dig in without 
trouble. Bottineau, on western edge of Turtl^Mountain, August, 1887 : Saw one 
running over the prairie about 9 o’clock in the morning ; went into the hole of 
Richardson’s Spermophile. Rapid City, on eastern edge of Black Hills, November, 
1887 : Have seen a few tracks along creeks, and think they are quite common. 
Caught one in a trap baited with a prairie dog, and set by creek bank. It is just chang- 
ing from the brown coat to the white, and is a little more than half white. The 
change is wholly due to the moult. The brown hairs come out very easily ; the white 
hairs are firm. Many of the brown hairs fell out while skinning the animal. There 
is no snow on the ground now (November 12), but there was from October 22 to 
October 28, and a little flurry November. 8 that remained but a few hours. The 
weather is steadily clear, warm days, and freezing nights. The mercury changes 
from about 28° to 70° F. every twenty-four hours. 

Mink {Lutreola vison). 

Minnesota. — Elk River, Sherburne County, 1887: Rather common and much 
trapped for fur. In the fall of 1885 one]of my neighbors had 13 full-grown chickens 
killed in two successive nights. I set traps in his barn and caught 2 large Minks 
that night. Heron Lake, Jackson County, May, 1887: Saw tracks. Orton ville, 
Big Stone County, June, 1887 : Saw some tracks. Brown’s Valley, Traverse 
County, June and July, 1837: Seem to be common. 

Dakota. — Fort Sisseton, June, 1887: Present. Flarwood, Cass County, July, 
1887: Said to be numerous. Grand Forks, July, 1887: Said to occur. Pembina, 
July and August, 1887: Said to be common. Devil’s Lake, Ramsey County, Au- 
gust, 1887: Common. Turtle Mountain, August, 1887: Said to be common. Black 
Hills, November, 1887: Said to occur. 

Skunk {Mephitis mephitica). 

Minnesota. — Elk River, Sherburne County, November, 1887: Abundant. I be- 
believe Skunks to be beneficial because they feed almost entirely on insects. Heron 
Lake, Jackson County, May, 1887: Saw one dead. Ortonville, Big Stone County, 
June, 1887 : Seem to be common. Brown’s Valley, Traverse County, June and July, 
1887: Common. 

Dakota. — Fort Sisseton, Jun^ 1887 : Common; young half grown. Pembina, July 
and August, 1887: Common. Flandreau, Moody County, May, 1887: Coramon. 
Devil’s Lake, Ramsey County, August, 1887: Common. Turtle Mountain, August, 
1887: Said to be common. Fort Buford, September, 1887: Common. Rapid City 
(eastern edge of Black Hills), November, 1887: Caught one in a trap baited wdth a 
Prairie Dog; have seen a few holes, but they seem rather scarce. 

Montana. — Tilyou’s Ranch, Dawson County, September and October, 1887: Com- 
mon; feed on grasshoppers and bull-berries. 

Badger {Taxidea americana). 

MinnesoM. — Elk River, Sherburne County, 1887: Tolerably common. Heron 
Lake, Jackson County, May, 1887: Found some holes. 

Dakota. — Fort Sisseton, June, 1887: Their holes are everywhere. I believe Badg- 
ers have caused the scarcity of small mammals here, as the places where they have 
dug out Mice and Gopher holes are numerous. I counted forty-five places where 
one had dug into a Pocket Gopher’s hole, and in another locality fifty-eight places. 
They dig a small hole down until they strike the Gopher’s tunnel, and continue the 
same process at frequent intervals until the tunnel is all cut up. Harwood, Cass 
County, July, 1887: Said to be common; saw a few holes. Grand Forks, Jul;jr, 

AG 87 28 - 
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1887: Said to occur. Pembina, July and August, 1887: Common. Devil’s Lake, 
Ramsey County, August, 1887: Common; saw tracks and holes. Bottineau (west- 
ern border of Turtle Mountain), August, 1887 : Said to be common. Rugby Junction, 
August 31, 1887: Found where a Badger had dug out a Richardson’s Spermophile 
and eaten all but part of its tail, b’ort Buford, September, 1887: Said to be com- 
mon; I saw some tracks. 

Montana. — Tilyou’s Ranch, Dawson County, September and October, 1887 : 
Common. 


Otter (Lutra canadensis). 

Minnesota. — Elk Riser, Sherburne County, 1887: Tolerably common. Heron 
Lake, Jackson County, May, 1887: iBaw where some lived. 

Dakota. — Devil’s Lake, Ramsey County, August, 1887: Saw tracks of old and 
young. Turtle Mountain, August, 1887: Said to be common. 

Montana.— Tiljou' a Ranch, Dawson County, September and October^ 1887 ; 
Present along the Yellowstone River. 


Moose {Alee aniericanus). 


Minnesota.— SnirA Vincent: I am told by an honest and intelligent hunter that 
some Moose were killed last fall (1886), 15 miles east of Saint Vincent, Minn. 

Dakota. — Bottineau: There are said to be some in t]ie Turtle Mountains. 

Elk; Wapiti {Cervus canadensis). 

Minnesota.— JMk River, Sherburne County, 1887: Exterminated; a few old horns 
and bones remain. They are still found in the woods to the north. Saint Vincent: 
I am told by an intelligent and honest hunter that some Elk were killed last fall 
(1886), 15 miles east of Saint Vincent. 

Dakota.— Dsn'imore, Grand Forks County, July, 1887: I think I have good author- 
ity (in an old hunter) for the statement that two Elk were killed here five years ago. 
Devil’s Lake, Ramsey County, August, 1887: A few said to occur. Bottineau (on 
western edge of Turtle Mountain), August, 1887: I have found some old Elk bones. 
Black Hills, November, 1887: Formerly common; a few said to occur still. 

Montana. — Tilyou’s Ranch, Dawson County, September and October, 1887: Not 
common; have seen a few tracks, and a few are killed every year. 

Black-tailed Deb:r {Cariaous macrotis). 

Minnesota. — Saint Vincent: I am told by an honest and intelligenu hunter that 
three were killed last fall (1886), 15 miles east of Saint Vincent. 

Dakota. — Pembina, July, 1887 : Said to be found 34 miles west of here in the 
Pembina Mountains. Fort Sisseton: Said to have been present formerly in about 
equal numbers with the Virginia Deer, but both disappeared about three or four 
years ago. Devil’s Lake, Ramsey County, August, 1887: Said to be a few here, 
but mostly killed off. Turtle Mountain, August, 1887: lam told that there are 
a few in the hills, and that they are common on tlie Mouse River, farther west. 
Fort Buford, September, 1887: Said to be common among the hills, but I do not 
consi er the authority Avorth much. Black HilJs, October, 1887: The Black-tail is 
common through the hills, but tlie White-tail seems to be absent. 

Montana . — Tilyou’s Rancji, Dawson County. September and October, 1887: Com- 
mon in the hills and open country; saivl to be much more easily killed than the Vir- 
ginia Deer, so consequently are becoming' scarce. Said to be common at various 
places along the stage road from Miles City, Mont. , to Deadwood, Dak. 

# 

White-tailed Deer ; Virginia Deer {Cariacus virginianus). 


Minnesota. — Elk River, Sherburne County, Nov^emlier 28, 1887: Now scarce; for- 
merly numerous. 

Dakota. — Fort Buford, September, 1887: Said to be common in the brush along the 
river, but I do not consider the authority worth much. Black Hills, October, 1887: 
I can find no one wh > ' ;r ever seen this Deer here. 

Montana. — Tilyou s Aanch, Dawson County, September and October, 1887; Nu- 
noerous in the brush along the river, 
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Antelope {Antilocapra americana). 


Dakota. — Fort Sissetoii : Forme7’ly common here; the last were seen five years ago. 
Larimore, Graod Forks County : ! liiinli: I Iiave good authority (an old hunter) 
for the statement tliat an antelo[n‘ '.vas ivilled at Larin Lore, Grand Forks County, 
Dak., two years ago (in 1385). Pembina: Said to be found iD miles west of here, 
in the Pembina Mountains. Devil’s T.ake (nortlienstern Dakota) : A drove of 14 said 
to have uent last winter (188(L’87) near iiere. Bottineau (on western edge of Turtle 
Mountaiiin Sai;i to ljc coniniMM on the Mouse River, west of here. 

Montana . — Tilyou's Ranch, September 2;] to October 6, 1887: Common back in the 
hills and bad-lands. Stage road from Miles City, Custer County, Mont., to Dead- 
wood, Lawrence County, Dak. : Between Boxelder aiid Willow Creeks I saw a drove 
of 85, one of 20, and one of 12 (117 in all) in October, 1887. 


Rocky Mountain Sheep {Ovis canadensis). 


il4onh//ua.~— Tilyou's Ranch, Dawson County, September and October, 1887 : Said 


to be a few iii the bad-lands. 

Dakota.- — Black Hills, November, 1887 : 


Seldom seen ; formerly common. 


Stak-noseu Molp^ {Coudyhira cristata). 

Minnesota. — Elk River, Sherburne County, 1887 : Scarce ; have not found more 
than 3 or 4 in fifteen years’ residence here. 


Mole (Scalops aquaticus). 

Minnesota. — Elk River, Sherburne County, November, 1887 : I have the skin of 
the only one I have ever seen here. 

Short-taiiAvD Shuew {Blarina. brevicauda). 

Minnesota. — Elk River, Siierburne County, 1887 : Common ; they often get into 
cellars and prove troublesome. Ortonville, June, 1887 : Numerous all along the 
little spring brooks ; caught one on the high prairie ; baited them with cheese, which 
they took readily. 

Dakota. — Harwood, Cass County, July, 1887 : Caught one. Pembina, July, 1887 : 
Found one dead. 


Water Shrey/ {Neosorex palustris). 

Minnesota . — Elk River, Sherl)urne County, November 28, 1887 : Rather scarce ; 
have always found them living in holes in creek banks ; in the spring of 1886 a 
neighbor caught and gava^ me one that he found swimming in a small pond of snow 
water in a hollow near his house. 


Black-backed Shrew {Sorex [forsteri ?]). 

Minnesota.. — Elk River, Sherburne County, November, 1887. Quite common, but 
not so numerous as S.p>ersonatus. Both species are found in the same localities, and 
their habits are much the same. 

Small Shrew {Sorex [personatus ?']). 

• 

Minnesota. — Elk River, Sherburne County, 1887: Abundant; live under logs, 
leaves, and grass, either in woods, meadows, creek banks, or any wild land. They 
are always a great pest to settlers who first build in the woods, as they enter barns, 
houses, aaid especially cellars, gnawing whatever they can find in the shape of meat, 
lard, tallow, butter, or anything of the kind. I learned this by experience some fifteen 
years ago, and have heard the same complaint from others/ Cats kill them, but 
I think generally leave them vdiere killed, for they are often found lying around 
dead. Brown’s Valley, Traverse County, June, 1887 : Caught one on the river bank. 

Dakota . — Grand Forks, July, 1887: One specimen secured. Devil's Lake, Ram- 
sey County , August, 1887 : One found dead in the road. Bottineau (western border 
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of Turtle Mountain), August, 1887: Caught one under some brush near a creek 
bank. Black Hills, October, 1887 : Saw a few tracks in the snow, and caught 2 
at holes in the rocks on top of one of the highest peaks. 

Hoary Bat {Atalapha cinerea). 

Minnesota . — Elk River, 1887: Scarce ; I have found but 3 in the last ten years. 
Orton ville, June, 1887 : One evening I saw 8 Hoary Bats rise from the trees and fly 
up and off towards the prairies. Shot at several, but they were too high. They all 
rose soon after leaving the trees, and some went almost straight up until out of 
sight. The exact locality was a small wooded peninsula extending into the lake. 
Brown’s Valley, Traverse County, July 6, 1877: Sav/ 2 fly from the trees along the 
Minnesota River. 

Dakota. — Pembina, August 3, 1887: Saw one. Devil’s Lake, Ramsey County, 
August 6, 1887 : Saw a few. 

Red Bat {Atalapha novehoracensis). 

Dakota. — Devil’s Lake, Ramsey County, August, 1887: Common; caught 5 in 
low trees, and saw others every evening in the woods. Those that I caught were 
hanging in thick box-elder leaves, from 4 to 15 fe -t from the ground. The first was 
in a bush not as high as my head, and I killed it with a stick ; the others were 
higher up. 


Silver-haired Bat {Vesperugo noctivagans). 

Minnesota , — Elk River, Sherburne County, 1887: Rather more common than the 
Hoary Bat, but still scarce ; roosts under baric on old trees. 

Dakota . — Bottineau (on western border of Turtle Mountain): Caught 2 under 
bark on old trees. 


Small Brown Bat (Vespertilio [subulatusf] ) . 

Minnesota . — Elk River, Sherburne County, November, 1887: Abundant during 
warm weather. 


Flying Squirrel {Seiuropterus volucella). 

Miunesota.’^JAk River, Sherburne County, November, 1887: Abundant. 

Minnesota Gray Squirrel {Sciurus carolinensis hypophaius). 

Minnesota . — Elk River, Sherburne County, November, 1887: At present numerous; 
six months ago scarce. Acorns are an abundant crop this year, and the Squirrels 
have increased greatly; probably to some extent by immigration, as they are said 
to have been often seen during the summer on the prairies and crossing fields. They 
were never so numerous here as at present. 

Red Squirrel {Sciurus hudsonius). 

Minnesota . — Elk River, Sherburne County, November, 1887: An abundant resi- 
denl:. Ortonville, Big Stone County, June, 1887: Found none; said to occur, though 
not common. 

Dakota. — Harwood, Cass County, July, 1887: Said to occur here. Grand Forks, 
July, 1887: Numerous in the woods. Pembina, July and August, 1887: Common 
in the woods. Bottineau (on western border of Turtle Mountain), August, 1887: 
Very common wherever there is brush. Black HiUs, October and November, 1887: 
Common all through the pine timber on the hills; they live mostly in holes in the 
rocks, much the same as Neotoma; their principal food seems to bo the seeds of 
pines, the cones of which they store in clefts in rocks and in all manner of sheltered 
places. I found a hollow pine with 2 or 8 bushels of cones inside of it, and a Red 
Squirrel in a nest in 'the middle of them. 

Eastern Chipmunk {Tamias striatus lysteri). 

Minnesota . — Elk River, Sherburne County, 1887: Abundant; they sometimes dig 
up corn when planted near brush or woods. Ortonville, Big Stone County, June, 
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1887: Common everywhere in the timber. Brown's Valley, Ti*averse County, June 
and July, 1887: Numerous in suitable places on both sides of the valley. The timber 
in the ravines and along the streams is mostly iron- wood, bass-wood, ash, and box- 
elder, the seeds of which furnish them an abundance of food; have found but few 
adults, most of them being about three-fourths grown. Fort Sisseton, June, 1887: 
Numerous. Harwood, Cass County, July, 1887: Numerous in the woods. Grand 
Forks, July, 1887: Numerous in the woods. Pembina, July, 1887: Common in the 
w^oods. Bottineau (on western border of Turtle Mountain), August, 1887: Quite 
common, but not so abundant a.s T. quadrivittatus. 

Rocky Mountain Chipmunk {Tamias quadrivittatus). 

Dakota. — Bottineau (on western border of Turtle Mountain), August, 1887: Com- 
mon in the brush on top of the Turtle Mountains. Heard one in the brush along 
the creek where it runs through the prairie. They seem to prefer brush to woods, 
and generally are found in a thick bunch of willows or hazel brush, and not more 
than 5 feet from the ground. Have not seen one in a tree. They feed principally 
on the seeds of choke-cherries, the meats of which is the only food I have found in 
their pouches. Their call note is a steady churp, churp, churp, like the cry of a 
Eobin when in fear for its young, but with just the slightest husky tone. At first 
I was sure it was a Robin, but on finding out what it was, could detect a slight dif- 
ference. The cry is repeated steadily, and about as fast as the chuck, chuck, chuck 
of Tamias stHatus lysteri, but not so heavy. When they see or hear you, or be- 
come alarmed, the cry changes to a rapid quit, quit, quit, like a Ruffed Grouse 
when about to fly, but finer and faster. When suddenly frightened they run with 
a rapid twitter. They are much livelier than Tamias striatus, keeping in almost 
constant motion, especially their long tails, which are switching, jerking, and flirt- 
ing almost incessantly. When frightened they always run to the ground, but show 
a good deal of curiosity, and will often be back in the bush in half a minute if you 
keep quiet. Black Hills, October and November, 1887: Numerous on the hills; 
more common high up than low down. They live among rocks or brush heaps, 
and feed largely on rose seeds, a kind of wild rye, snow-berry seeds, and the seeds 
of a small aster; they also eat grass seeds and seeds of choke-cherries. Fort Buford, 
September, 1887 : Said to occur. 

Montana. — Tilyou’s Ranch, Dawson County, September and October, 1887: Said 
to be common, but I have seen only one. Glendive, 1887 : Abundant high up on the 
hills. 

Striped Gopher (SpermopMlus tridecemlineatus). 

Minnesota. — Elk River, Sherburne County, 1887: Common on the prairies and 
openings; in some places numerous. Not found in timber land. They dC' much 
damage to crops, principally by digging up seed. They damage corn more than 
any other crop, sometimes digging up half of the seed in a field, both before and 
after it comes up. I do not know that they do any serious damage to crops except 
by taking the seed. Round Lake, Nobles County, May, 1887: Numerous. Heron 
Lake, Jackson County, May, 1887: Numerous all over the prairies, and especially 
along the edges of fields, where they dig up the grain. I do not think they do very 
serious damage, and I know by experience that they are easily caught. Complaints 
are made of the damage done by them. Orton ville, Big Stone County, June, 1887: 
Numerous all over the prairie, and only on the prairie. I think one to every acre of 
ground a small estimate of their numbers. As far as I have observed, they feed on 
grain, seeds, sorrel roots, strawberries, green leaves, grasshoppers, and otlier in- 
sects. The stomachs examined contained strawberries, red ants, grasshoppers, 
some other insects, and some green stuff. Caught the smallest adult of the species 
I have ever seen (total length 268" '^, tail 94 and very slender). It is a female, and 
was nursing. The color is rather lighter than usual. Brown’s Valley, Traverse 
County, June and July, 1887: Numerous all over the prairie; seldom seen on the low^ 
ground. Saw the first young July 6; they were about half -grown. This Gopher 
feeds extensively on the seeds of Siipa spartea, which is abundant everywhere on 
the prairie. In skinning one of them I found a seed of Stipa spartea fast in the 
cheek pouch. The awn w^as broken off and the seed had turned crosswise, so that 
the sharp point had j)enetrated the pouch, which was inflamed and swollen. They 
eat the tender juicy roots of YtHld Larkspur, and seem to have dug and eaten it all 
now. I searched half an hour before finding a specimen, though the top of plants 
that had been dug and eaten were all around. I Iiave found seeds of knot-grass 
and puccoon in their pouches. The stomach sent wdll show many insects and some 
fruit. June 27 I first noticed that they w^ere cutting wheat that was just heading 
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out. Each head was cut off at one bite, about five inches from the ground, and re- 
mained untouched. Two days later (June 29) I came by the same field and saw 
that they were still cutting the wheat, and the ground was strewn with the heads. 
Pi^obably 15 per cent, of the heads had been cut on a strip about 20 feet wide, along 
the edge of the field, and from a few of the heads the ovules had been eaten. The 
wheat was just beginning to blossom then. At this time the ovules are about the 
size of onion seed and slightly milky. The G ophers cut the heads off, examine them, 
and then try to find a better one, thus eating only a small part of what they destroj^. 
Since very many more of the small watery ovules are required for a feed than m 
the case of ripe grain it would seem that this is the most destructive period of their 
ravages. Graceville, Big Stone County, July, 1887: Common; cutting grain. At 
the edge of a wheat field wliere one of these Gophers lived the wheat; was cut on a 
semi-circular area about 25 by 45 feet. Selecting a place that seemed a fair average 
I measured a square yard, on which I counted 31 heads that had been cut down, and 
100 that were standing. But few of those cut were eaten, the kernels being about 
half-growp. and watery. Oats and barley were destroyerl in the same way. 

Dakota. — Flandreau, Moody County, May, 1887: Numerous. Fort Sisseton, Mar- 
shall County, June, 1887: Common. Hainvood, Cass County, July, 1887: Common; 
feeds mostly on grain and grasshoppers. Grand Forks, July, 1887: Numerous; 
working in the grain as at all other places. Pembina, July and August, 1887 : Com- 
mon on open ground and in the fields. Both this species and the Gray Gopher (N. 
franklini) are abundant and of nearly equal numbers, this species probably predomi- 
nating. On the open prairie they feed largely on grasshoppers, but are more com- 
mon along the edge of grain-fields, where both species feed almost entirely on grain. 
I can not see that they show any preference between wheat, oats, and barley. The 
quantity of grain they destroy is considerable, but evidently less at present than 
earlier in the season, as it is now full grown and in the dough. Probably they take 
less now than they will when it becomes ripe enough to store up for future use. 
Devil’s Lake, Ramsey County, August, 1887: Common. Of the three species of 
Spermophilus encountered on this trip the Striped is most numerous, the Gray {S. 
franklini) but little less so, and Richardson's {S. ricJiardsoni) seems common. Each 
species seems to have its si^ecial range, indicated by the character of the ground. 
Tmis species keeps on open ground (prairies, marshes, and fields). S. franklini seems 
to prefer woods, brush, or lo^v", marshy, and weedy places. S. richardsoni is the 
only species I have found on high prairie; generally it was near the edge of a grain- 
. field. The Striped Gopher covers more gTound and is more numerous throughout 
its range than the others. Ail of the three species are now most numerous at the 
edges of grain-fields, from w^liich they are carrying grain to store for winter use. 
But the loss which they cause to the farmers is nearly past, for the greater part of 
the grain is cut and in the shock and enough is left on the ground to last the Go- 
phers until seed time, and it is easier for them to gather than that in the shock. 
Bottineau (on western edge of Turtle Mountain), August, 1887: Common on prai- 
ries and in fields. Fort Buford, September, 1887: Common, but seldom seen at this 
season. They are now very fat. At present they live almost entirely on sunflower 
seeds, though jDrobably also eating cactus seed and seeds of weeds. They are throw- 
ing out large piles of dirt from their holes. Have not seen one running about since 
coming here, though they are common enough, and I had no difficulty in catching 
them in traps. Have noticed the same thing at Elk River, Minn. , where they were 
seldom seen after September 1. After this they keep very quiet and out of sight as 
much as possible, never standing upright or making a sound. Have noticed that 
these animals decay sooner than usual when feeding largely on grasshoppers. 

Montana. — Tilyou’s Ranch, Dawson County, September and October, 1887: Com- 
mon; are small and pale. Feed principally on seeds of wild sunflower (Helianthus) 
and grasshoppers, also seeds of the cactus (Opuntia). They are very fat. 

Gray Gopher. {Spermophilus franklini). 

Min/neMola.—MMi River, Sherburne County, November, 1887 : Rather scarce. 
Heron Lake, Jackson County, May, 1887 : Found tills Goiiher here, but not ip 
sufficient numbers to do much harm. Ortonville. Big Stone County,, June, 1887 : 
Abundant. A few are scattered over the prairie, but in the timber near the lake, 
and in the ravines, there are a great many. Of 15 killed, 10 were males and 5 
females, but the females have young now and may keep out of sight. Tlie males 
are quite fat. Their principal food seems to be bass-wood seeds, which are very 
plentiful. They also eat some ,green plants and leaves. Shot one wliile eating a 
Wood Phoebe that it had just killed. On the prairies they are mostly found near 
grain-fields or in marshy places. Along the edge of a, field of barley where several 
lived I found where they had been digging little holes, and on examining them 
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found that at each place they had dug up from three to a dozen kernels of barley 
that had been buried 1 or 2 inches under ground. Most of it had just sprouted, 
but that in the field was up 5 or 6 inches high, and there was no meat in the hull. 
Their cry is a rattling chipper on a high key, much like that of the Striped Gopher 
{S. ty'ideceinlinecitui) , and I have sometimes been unable to tell them apart. 
Usually they run low, and go scudding through the grass, but if badly frightened 
take long, high leaps, exactly like a Gray Squirrel. They seem to like to make 
their burrows near or under old buildings tliat are not inhabited, and often live 
under barns that are in use. Brown’s Valley, Traverse County, June and July, 
1887 : Occasionally found on the praine, and very numerous all over the valley, 
ev^en in town. Their food on the prairie seems to consist largely of seeds of btijxi 
spfivtea and cockle-bur. Wherever the cockle-bur grows the ground is covereu 
with shells of the burs that have had the seeds eaten out. Many of the Gray Gophers 
live among piles of manure whicli have been hauled out of town and dumped on 
the common. They dig in the manure and probably find grain. I haA^e l>een 
told that one killed 5 chickens that Avere feathered out amd probably as large as 
quail. The Av’^oman who told me saAA^ the Gopher kill one of theni. I have seen 
one within 15 feet of an open door, and it did not seem at all afraid. Ma^ny live 
under houses. I saAA^ the first young one out of the hole June 30, and some more 
July 6. They Avere about half grown. 

Dakota. — Pembina, July and August, 1887: Common in brush, prairie meadows, 
and fields. Caught one on the prairie and found in its stomach much wheat, some 
grasshoppers, and the remains of seA^eral young mice (Hesperoniys michiga^ensis). 
r’ort Sisseton, June, 1887: Common. Harwmod, Cass County, July 1887: Common; 
not numerous. Grand Forks, July, 1887: Scarce. They bend the grain over, instead 
of biting it off like the Striped Gopher. Flandreau, Moody County , May , 1887 : Scarce. 
Devil’s Lake, Ramsey County, August, 1887: Common; seems to prefer woods or 
low manshy and Aveedy land. Bottineau (on western border of Turtle Mountain), 
August, 1887: Evidently scarce; saw none alive, but found ofie that a hawk had 
partly eaten. 


Richardson’s Gopher {Spermophilus richardsoni). 

Dakota. — Devil’s Lake, Ramsey County, August, 1887 : Tolerably common. Found 
on the high prairie, generally along the edge of grain-fields. Killed one as it ran 
from under a shock of oats. Its pouches were stuffed full of oats, 269 kernels in 
all. Bottineau, August, 1887: More numerous than any other Gopher, averaging 
about 1 Gopher to every 2 acres of prairie. They feed on grain in the fields, and 
largely on seeds of pigAveed (Chenopodium album and boscianum), both kinds of 
which are abundant. They do not seem to be collected around fields more than on 
the open prairie. Have never found them in the brush or on low or weedy .ground. 
From sunrise to 9 o’clock in the morning they may be seen running or sitting up all 
over the prairie, eA^en in the edge of toAvn. After 9 a. m. they retire to their Wr- 
rows and are seldom seen. They are the least suspicious and have the most curi- 
osity of any of the Spermophiles knoAvn to me. When they run, their tails flap 
up and down like a Woodchuck’s, and when sitting up they shake their tails every 
few seconds. Their lioles are large, with a pile of earth like a Pocket Gopher’s hill at 
the entrance. Of 13 specimens killed here, but 1 was a female. Much of their 
excrement is st;attered about near and in the entrance of most of their burrows, 
which is something I have never seen near the holes of other Spermophiles. Rugby 
Junction, 1887: Numerous. 

Prairie Dog {Cynomys ludovicianus). 

Montana. — Tilyou’s Ranch, Dawson County, September and October, 1887: Bight 
miles from here there is a colony of about 6, and 5 miles down the river there 
is another colony of 100 or less. They feed on grass and many kinds of Av^eeds. 
I visited a Prairie Dog colony on the east side of the Yellowstone River, 21 miles 
from Fort Buford. The colony occupies a level prairie about 1 square mile in ex- 
tent, and just above flood level. There are probably 2,000 holes, and not 100 dogs. 
But few of the holes are used, and some are closed up. I think they do not Ih^e in a 
hole longer than one year. In most cases the dirt is thrown out of the holes all 
around, instead of in a pile on one side. It then forms a cone like a volcano around 
the opening, the rim varying in height from 10 inches to less. The quantity of dirt 
thrown out varies much; at some places I estimated that there Avas 2 cubic yards 
of it; at other holes there A\as none. The earth is very hard at the edges of some 
holes, evidently having been packed while Avet, and forms a sharp ring around the 
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hole. The holes run down at an angle never far from 45°, and seem to go straight 
on at that pitch for about 8 or 10 feet at least. A piece of dirt will roll down them 
and can be heard rattling a long way down. The holes are usually smaller at the 
opening than farther down; the entrances are slightly flattened, so that the tw-o 
diameters are not alike. Following are measurements in inches of the longest and 
shortest diameters of several burrows, taken near the opening: 4 by 5, 4 by 5, 4 by 34, 
4 by 34. Many holes have been dug larger by Skunks or Badgers. I have been told that 
Prairie Dogs never leave any excrement near the holes, but I find it scattered all 
around, and most humerous near the holes, some even down in the holes. The animals 
are very shy. When they see you they run to the nearest hole, and then sit up like a 
Gopher and watch until you approach within 40 rods; then they dodge down the hole, 
or sometimes crawl part of the way in and continue to watch until you are quite close, 
but if shot then and killed ever so dead they will slide down beyond all reach. I tried 
to dig them out, but after digging down 3 or 4 feet in the hard clay could see away 
down the hole, and gave it up. It still took more than a bushel of loose dirt to fill 
the hole below, so that dirt would not slide down. When they are sitting up at a 
distance watching you they keep up a chipper ing that is almost exactly like the 
barking of a very small dog, but is faster. While barking they keep their tails 
flapping up and down very fast, and also when running and when they start 
down a hole. The motion is the same as that of Richardson’s Gopher (S. richard- 
soni), which they resemble much in all their actions. They feed mostly on a short, 
fine grass (buffalo grass) that grows all over the prairie. They dig it up and seem 
to eat ‘the bottom part, for the ground is covered in places with the leaves and 
roots. In the excrement I find traces of nearly every plant which grows near, 
especially of Artemisia frig Ida, knot-grass, and a small aster that is full of seeds. 
They are very fat. I cooked one and ate part of it. It was not cooked very tender, 
but was perfectly sweet and free from any strong taste ; was much like the flesh of a 
mallard duck. There is not the least unpleasant smell about them. There was a dead 
horse in the dog-town, which I was told broke its leg by stepping into a Prairie Dog 
hole when running. I am told that a man about 40 miles from here has a machine 
for forcing sulphur smoke down the holes, and that he kills many by smoking them 
out. Glendive, October, 1887: On a prairie about 2 miles north of town there area 
few Prairie Dogs. I have killed 6, and there are probably as many remaining. 
There are many unused holes extending over about 1 square mile of land (per- 
haps 1,000 holes), and the dogs are said to have been numerous there last summer, 
but from some cause have disapjjeared. The people here think that the cold winter 
killed them off'. Some persons say that a crust 01 ice covered the ground for a long 
time, and the dogs starved because they could not get to the ground for food. Last 
year was unusually dry , and vegetation, always scant here, was nearly all dried up. 
Then followed a very cold, stormy winter. Nearly all the cattle and sheep died, and 
probably the Prairie Dogs were likewise affected by the weather. In this colony there 
are four places, far apart, where from 2 to 4 dogs live together, each group occupying 
3 or 4 holes, but having 1 hole which seems to be home, and into which they gener- 
ally run when frightened. When they run into their holes I have not known them to 
come out within an hour, and sometimes they do not come out again for half a day. 
Their food seems to consist principally of the roots and the lower part of the stalk of 
the fine, short prairie grass, but nearly all of the surrounding plants are eaten more 
or less. Do they hibernate ? The people here say they do not, but corol? out to feed 
on every warm day all winter. Along the stage road from Miles City to the Little 
Missouri dog-towns were frequently seen, but few of the holes seem to be occupied. 

Dakota . — Fort Buford: Not present in this immediate vicinity, but there is said 
to be a large town about 60 miles northwest from here, on the Milk River. Rapid 
City, November, 1887: One of the 'earliest settlers here, a Mr. Chase, says that 
when he. came to this place, in 1877, Prairie Dogs were numerous where the 
town of Rapid City now is, as well as over most of the surrounding prairie. Lit- 
tle flat mounds, indicating where the holes were, still remain, but most of the Prai- 
rie Dogs have disappeared. About 2 miles east of town there is a colony of about 
100, occupying probably 40 acres of land. I should think there were 200 holes, and 
every one seems to be used. It is on a level prairie near, and about 12 feet above, Rapid 
Creek. This prairie is fenced in at present and used for a horse pasture, though part 
of the ground has been plowed and a crop of millet was raised on it this year. 
About one-fourth of the Prairie Dog holes are in the field of millet stubble. The 
ground that has not been plowed is covered with short, fine grass, but near the holes 
this grass has been dug up and eaten until killed out over a space 2 rods wide or less, 
around most of the holes. This space, where there is no grass, has grown up thick 
with knot-grass, which they do not seem to dig up. I think the stomachs sent will 
show that knot-grass seed now forms a large part of their food. Probably to it they 
owe much of their fat. 
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It takes little imagination to make this seem like farming, for the Prairie Dogs 
keep digging up the grass around the outside of their little farms all summer, and 
so enlarging their field of grain for fall and winter use. 

The knot-grass grows all along roads and old fields. Probably it is Polygonum 
aviculare or a variety. 

Several Prairie Dogs often run into the same hole. I have counted as many as six 
going into one hole. The last one generally stays out and barks until approached 
almost within shooting distance, and sometimes until close enough for a shot. I 
approached one by walking slowly and wdiistling until within about 20 feet, and 
then shot it dead, but could never charm another. 

If they see a person 40 rods av/ay they all run and get into or very near their 
holes and bark : as you come nearer they get lower dowm in the holes, until almost 
out of sight, but keep barking and shaking their tails until they think the danger 
is too near, then, with a parting shake of the tail, down they go, and they are not 
likely to appear again for several hours. By creeping very low I have got near 
enough to shoot some through the head with large shot, and if killed very dead, and 
I could get hold of it before it slid or kicked down the hole too far, it was my dog; 
if not, it was lost. • 

They seem to pay no attention to horses feeding among their holes, but run all 
around them. I have found two stone arrowheads among the holes, and so conclude 
that the Indians liked Prairie Dogs. 

When they see anything suspicious at a distance they g^t on the highest mounds, 
and, stretching as tall as possible, watch it. Now and then one will come up to the 
perpendicular with a kind of jump, evidently to try and get a little higher, and at 
the same time utter a peculiar cry, a kind of long “ chur-r-r-r-r. ” This is the only 
sound I have ever heard them make beside barking. If a Red Squirrel was as large 
as a Prairie Dog its bark would not be very different — that is, when a Red Squirrel 
barks the fastest and most excitedly. 

They do not throw the dirt out of their holes in one pile in front of the hole, as 
W^oodchucks and most animals do, but it is built up in a ring around the hole, form- 
ing a cone with sometimes quite sharp edges. The cone varies according to the 
amount of dirt thrown out, and is generally 10 or 12 inches high. It is sometimes 
a steep rim, and is sometimes wide and flat. The mouth of the holes- are nearly al- 
ways “ bell muzzled,” or flaring from the bottom to thp top of the cone, and in most 
of the holes you can plainly see where the dogs have shaped it, while the earth v/as 
soft and muddy, by pressing it back with their noses, leaving the little round prints 
of their noses in the hard clay close together, and perhaps a hundred or more in the 
sides of one doorway. Eyes dark brown (the iris). The animals are now very fat, 
but show no signs of hibernating. 

Woodchuck; Ground Hog; Marmot {Arctomqjs monax). 

Minnesota and eastern Dakota. — Occurs in the Red River Valley from Pembina 
southward, but is rare. In Sherburne County, in eastern Minnesota, it is rather 
common. 

Yellow-bellied Woodchuck {Arctomys flaviventer). 

Dakota. — Occurs in the Black Hills, but was not known from the region about 
Fort Buford. 

( Beaver {Castor canadensis). 

Dakota. — Fort Buford, September, 1887: Said to be found along the Missouri 
River. Black Hills, October and November, 1887: Formerly common here; a few 
said to be still found in places far back from the settlements. 

Montana. — Tilyou’s Ranch, Dawson County, September, 1887 : Quite common 
along the river; have seen some tracks. 

House Rat; Norway Rat {Mus decumanus). 

Minnesota. — Brown’s Valley, Traverse County, June and July, 1887 : Abundant. 

Dakota. — Grand Forks, July, 1887: Said to have been found here only recently. 
Pembina, July and August, 1887: Does not occur. Devil’s Lake, Ramsey County, 
August, 1887: Does not occur. Fort Buford, September, 1887: Common; caught a 
very large one in my room, and heard them every night. 

House Mouse {Mus muscidus). 

Mimiesota. — Elk River, Sherburne County: The House Mouse is common about 
our buildings. Ten years ago, when the place was new and surrounded by timber, 
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the White-footed Mouse was the common house Mouse (1886). Brown’s Valley, 
Traverse County, June and July, 1887: Abundant. 

Dakota . — Fort Si sseton, June, 1887: Common. Grand Forks, July, 1887: Common. 
Pembina, July and August, 1887 : Common. Devil’s Lake, Ramsey County, August, 
1887: Common. 


. Wood Rat ; Brush Rat (Neofoma cinerea). 

i 

/ 

Dakota. — Black Hills, October and November, 1887 : Common among the rocks 
high up. They live in caves, cracks, and holes under the rocks. Tlieir principal 
food seems to be the seeds from the pine cones. Large piles of gnawed cones are 
scattered around their holes. 

White-footed Mouse {Ilesperomys lencopm). 

Minnesota. — Elk River, Sherburne County, 1887 : Numerous everywhere. 

Western White-footed Mouse {Hesperomys leucopus sonoriensis). 

Minnesota. — Brown’s Valley, Traverse County, June 21 to July 8, 1887 : Most nu- 
merous on the east side of Lake Traverse. 

Dakota. — Pembina, July 21 to August 2, 1887 : Common, and with one exception 
found only in the woods. Devil’s Lake, Ramsey County, August 6 to 19, 1887 : 
Common in woods and brush. Bottineau (on western edge of Turtle Mountain), 
August 22 to 30, 1887 : Numerous in the brush. Fort Buford, September 1 to 20, 
1887 : Abundant in all brush, and common on prairie and hills. Evidently feeds ex- 
tensively on the seed of cactus {Opuntia. missoiirierisis) and the seed of wild sun- 
flower {Helianthus rigidus). Deadwood, in Black Hills, October 24 to 31, 1887 : 
Common on the tops of the higliest hills. Fort Sisseton, Marshall County, June 15 
to 18, 1887 : Ax>parently scarce ; probably because of the abundance of Badgers, 
Rapid City (on eastern edge of Black Hills), November 16, 1887 : Quite common among 
the rocks on the hills and around fields on the prairie. The color of the adults is 
paler than any seen before. 

Montana. — Tilyou’s Ranch, Dawson County, September 23 to October 6, 1887 : 
Common in brush and on hills. 

Michigan Mov^TS^^Hesperoniys michiganensis). 

Minnesota. — Brown’s Valley, Traverse County, June 21 to July 8, 1887 : Common 
on the high prairie in the town of Traverse, on the Dakota side of the valley. Found 
them in the same holes with the Grasshopper Mouse {Onychomys leucogaster) in the 
Indian mounds. 

Dakota. — Harwood, Cass County, July 14, 1887 : Numerous all through the fields 
and meadows ; cuts down mucli wheat and other grain. Flandreau, Moody County, 
May 25 to 31, 1887 : Found on ground a little higher than that inhabited by the 
Meadow Mice {Arvicola riparius). Caught one on top of a high hill. Pembina, 
July 21 to August 2, 1887 : This Hesperomys, which is common on the prairies here, 
seems to be about the only Mouse of economic importance. It lives near the grain fields, 
and cuts down a small quantity near the edges. It cuts some grasses on dry ground 
for the seed, but is not numerous enough to be of great importance. I think it 
eats the seed of pennycress (T/iZas-pi arveiise) which has become so thick that in 
some fields nothing else can grow. Some fields are abandoned to it, and it is more 
or less in all of them. While this species inhabits the prairies and open ground, 
the White-footed Mouse lives in the woods. Bottineau (on western edge of Turtle 
Mountain), August 22 to 30, 1887 : Caught one under a wheat shock on the prairie 
that I believe is this species. It is very different from from the H. leucopus found 
here in the brush, tlie principal difference being in the darker gray color, slenderer 
build, and much slenderer tail. 

Grasshorper Mouse {Onychomys leucogaster). 

Minnesota. — Brown’s Valley, Traverse County, June and July, 1887: Numerous 
on the flats near town and common on the high prairies west of the valley; not 
found on the east side. They live in holes on the top of Indian mounds, in sides of 
banks, and in holes under debris among brush. Tliey seem fond of cheese and fried 
cakes, but of their other food I learned only by dissection. They begin moving 
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early in the evening, and I shot one while running through the weeds about 8 o’clock 
in the morning. 

Dakota. — Devil’s Lake, Ramsey County, August, 1887: Found one dead on a road. 
Bottineau (on western edge of Turtle Mountain), August, 1887: Did not secure it, 
but a farmer described it accurately and said he had found a few. Fort Buford, 
September, 1887: Common on the hills and prairies; not found in the brush; easily 
caiiglit in any kind of trap baited with cheese or cake. They live in holes which 
thc 3 ^ dig or steal; I think they generally occupy those of the Yellow Arvicola {Arvi- 
cola patliduA), for wherever I have set traps at a collection of Arvicolas' holes I have 
caught some Onycliomys, but evidently they dig holes for themselves, for I have 
caught tliem at holes where fresh dirt was thrown out every night. I suj)pose this 
species <loes not hibernate, for none of its near relatives do, though one that I caught 
was v'cry fat. The fat, however, was not so much under the skin as it is in most, 
if not all, hibernating mammals. One which I kept in confinement was not full 
grown vvlien caught. From the first it did not show the least fear. It took food 
from my fingers wJien first offered, and never attempted to bite. If not disturbed 
or very hungry it sleeps all day, and when waked up gapes, stretches, and blinks 
sometime before he gets fully awake, but is then lively for a time, though he does 
not seem to like the light, and if it is bright keeps winking. In the evening he be- 
comes lively and tries to get out, jumj^ing and scratching at the sides of his cage, 
and biting the wires of the front, but he never gnaws, and though he has been a 
week in a thin cigar box there is not a tooth-mark in it. Sometimes he becomes 
crazy in his efforts to get out nights, and jumps about with all his might; but usually, 
unless hungry, he is quiet and intelligent. He will come to the front of his cage at 
once if the wires are rattled or scratched and look for food. If a fly gets inside 
he is pretty sure to see it, aaid seldom fails to catch it. He will not eat raw meat, 
but the way he takes hold of grasshopj)ers and flies shows that they are not new to 
him. He ate 16 crickets, 11 grasshoppers, 1 spider, a black bug, and a big fly one 
forenoon. When very hungry he will eat weed seed or the leaves and stems of 
knot-grass and pigweed, but he has not been hungry enough for this many times 
since I have had him. He will also eat a little cheese and fried cake when hungry, 
but not much, and evidently does not relish it. His favorite food is crickets; he 
will not eat anything else while there is a cricket in his box. Next to crickets he 
will take grasshoppers or flies, but does not seem to care so much for beetles, though 
he will eat any kind that I have yet offered him, principally a small black beetle 
that lives under sticks and stones; he also eats lady-bugs. I have found only one 
potato bug since I have had him, and he seemed to relish that, as he ate it all but * 
the wings, shell, and legs. He always begins at the head of an insect, holding it 
in his hands while he eats. A grasshopper will just nicely sit on its tail while he 
eats its head, with a hand on each shoulder; but the hopper is bound to kick, and 
if a large one, makes him much trouble, sometimes tipping him over; but he never 
lets go or stops eating until the head is off; then he eats his way to the tail. The 
wings and legs fall off as he eats the body out of them, and if he has plenty to eat 
they are left; but if hungry, and the supply is short, he will eat the legs afterward. 
He eats spiders, soft bugs, and dragon flies. He killed and ate a small frog when 
hungry, but would not touch one after eating all the hoppers he wanted. Next to 
insects he will take raw meat, fat or lean. He is very fond of brains. The only in- 
sects offered him which he would not eat were ants, and a few in his box make 
him almost crazy. If a dozen grasshoppers or crickets are put in his box alive he 
will kill them all by biting off their heads before he eats any. The same day that I 
caught him I dropped a dead White-footed Mouse {Hesperomys leucopus) into his 
box. He pounced upon it like a cat, caught it by the side of the head near the ear, 
and began biting with all the ferocity of a coon dog. I could hear the bones crack, 
and when he let go and seemed satisfied that it was dead I took it out and found quite 
a hole broken through the skull just below the petrous bone. His teeth must have 
penetrated far into the brain. I put it back and Onychomys began at once to gnaw 
through and pull off strips of flesh from the neck, shoulders, and skull, but did not 
get at the brain. He ate both of its eyes. The savage disposition shown in his man- 
ner of attack, and his promptness to seize it, would indicate a habit of killing mice, 
^ptember 22. — At 7.43 a. m. I gave him 12 crickets and 1 spider. He had eaten 
them all in seven minutes. At 8 a. m. he ate 3 grasshoppers; at 10, 1 big fly; at 10.15, 

4 grasshoppers and 4 crickets, and at 11.45, 4 grasshoppers and a black bug; total, 

30 large insects in four hours. Did not have time to catch any more for him. Septem- 
ber 25.— At 6.45 a. m. he ate 1 fly and 2 black beetles: at 7.30, 1 grasshopper and 18 
crickets; at 10, 2 grasshoppers and 2 flies; at 12 m., 3 flies, 2 hoppers, and 7 crickets; 
at 1.30 p. m., 6 big blue flies; at 2, 3 big flies; at 2.30, 3 grasshoppers; and at 6, 3 
crickets; total, 2 beetles, 8 grasshoppers, 15 flies, and 28 crickets, or in all, 58 large 
insects in less than twelve hours. He would have eaten more if he had had them. 
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September 28. — Put a small Hesperomys in his box and he served it in the same 
way that he did the other one; also gave him a Song Sparrow that I had killed; he bit 
it through the head and ate part of it. I gave him a black hornet, which he took 
and ate greedily, but the tail seemed to bother him, and he evidently got stung on 
the nose, but did not seem to mind it much. He is very fond of cream. September 
30. — Gave OnycJiomys a common gray moth, which he ate and seemed to relish. 
October 3. — He ate a piece of another mouse of his own kind, and tried to eat it be- 
fore it was skinned. He has settled one thing for me; that a squeaking cry which 
I heard evenings at Brown’s Valley, and once or twice at Devil’s Lake, was made 
by this species. He has made the same sound several times. It is something like 
the cry of a Flying Squirrel. Of 4 skinned, I was able to save but 1 without the loss 
of a patch of hair from the belly. Though the weather was cool, they would not 
keef) more than six hours without the hair loosening over the belly. Most of those 
captured at Brown’s Valley show one or more bare spots. I have noticed the same 
thing in Striped Gophers (S, tridecemlineatus) which had been feeding on grass- 
hoppers. Probably insect food causes this tendency to early decomposition. The 
excrement of this species is easily known by the remains of insects it contains. 

Montana. — Tilyou’s Ranch, Dawson County, September and October, 1887: Com- 
mon on prairies and hills; probably lives in the holes of some other mice. 

Red-backed Mouse (Evotomys gapperi). 

Minnesota. — Elk River, Sherburne County, November, 1887: Common. Brown’s 
Valley, Traverse County, June and July, 1887: Very common. They live mostly in 
the banks of the Minnesota River, which is a narrow creek with high, steep, brushy 
banks. I found some in brushy ravines, and one on the prairie. 

Dakota. — Fort Sisseton, Marshall County, June, 1887: Caught 2. Seem common 
in the brush land. Pembina, July and August, 1887 : Common in the woods. Bot- 
tineau, August, 1887: Common; probably numerous along the creek. Caught one 
under a shock of wheat on the prairie. Deadwood, Lawrence County, October, 
1887: Caught one on the mountain top, and saw some tracks in the soft snow. 

Meadow Mouse {Arvicola riparius). 

Minnesota. — Elk River, Sherburne County, November 28, 1887: At times very 
numerous, and again scarce; at present date unusually numerous. The only way 
that I can account for this is that when the water is high in the brooks and on the 
meadows, they are forced to leave their holes, and are destroyed by their natural 
enemies, while in the dry seasons they burrow in the brook banks and meadows. 
This year is very dry. When numerous they destroy mucli grain if left long in the 
shock, especially corn left standing all winter, sometimes eating it half up. They 
have killed a few apple trees for us by gnawing the bark around the bottom in win- 
ter when the snow was deep. Heron Lake, Jackson County, May 13-22, 1887: 
Caught one. Ortonville, Big Stone County, June 4-14, 1887: Probably common, 
although I found but few. Brown’s Valley, Traverse County, June 21-Juiy 8, 
1887 : Common in all low places. 

Dakota. — Fort Sisseton, Marshall County, June 15-18, 1887: Common. Flan- 
dreau, Moody County, May 25-31 , 1887 : Found near a small slough on the flats of 
the Sioux River, iheir paths extended in all directions through the grass, and 
were strewn wuth the grass which they had cut down for food, but I could find no 
holes or nests, and think they live under the dead and fallen grass which is thick in 
places. Bottineau (on western edge of Turtle Mountain), August 22-30, 1887: Com- 
mon; not numerous. Fort Buford, September 1-20, 1887: Probably common where 
there are marshes, but there are none near here. Found one dead in the road, and 
saw one under brush and weeds in a ravine. 

Pallid Meadow Mouse {Arvicola pallidus). 

Dakota. — Fort Buford, September, 1887: The Pallid HrwcoZa seems to be common 
here, and shows a decided preference for the north side of steep hills. I have not 
found them on the south, southeast, or southwest side. The only reason I can sug- 
gest for this distribution is that the twilight (their favorite hour) is longer on the 
north side. The hills where I have found them are all steepest on the north side, 
which may ha,ve some effect, though there seems to be no difference in the vegeta- 
tion on different sides. Like other Arvicolce they have many holes, and probably 
live in families or colonies, although I have not caught more than one at a group 
of holes; but from the difi[iculty in catching them this does not signify anything 
(have caught only 4). Where there is grass or weeds their holes are connected by 
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beaten paths in the same manner as those of Arvicola austerus, but in many places 
they are in bare clay. Their food seems to consist largely of the flowers of certain 
plants, judging from the remains of flowers scattered around the holes and from 
the contents of their stomachs and excrement. When these plants grow near 
there are usually pieces of stems and blossoms of Liatris graminifolia and Arte- 
misia frigida lyihg about, but many other plants and grasses seem to be eaten. 
They feed largely on the seeds of Eurotia lanata, I found a place near their holes 
where something had dug down to a partly eaten bulb of Liatris graminifolia. 
Probably these bulbs form a part of their diet, as is the case with Arvicola austerus. 
I placed corn, oats, cactus seeds, and seeds of weeds around their holes, but they 
remained untouched. The same was true of bread and cheese, and fried cake was 
seldom eaten. They seem suspicious of traps, and evidently leave their holes when 
traps are set near them. I have caught several Onycliomys leucogaster and Hes- 
peromys leucopus sonoriensis at their holes, and think these species either drive out 
the Arvicolce or else inhabit the old holes. 

Praieie Meadow Mouse {Arvicola austerus). 

Dakota. — Rapid City (eastern edge of Black Hills), November 16, 1887: They 
are numerous in a few places, always in brush or weed patches on low prairies. 
They seem to live in colonies, and dig an immense number of holes, throwing out 
quite large piles of dirt. 

Northern Prairie Meadow Mouse {Arvicola austerus minor). 

Minnesota. — Brown’s Valley, Traverse County, June 21-July 8, 1887: Common, 
probably on both sides, but I took it only on the Dakota side. Found where they 
had dug and eaten many wild onions {Allium striatum) and the bulbous root of a 
plant of the composite family, which I can not name. Ortonville, Big Stone County, 
June 6-13, 1887 : Common on the high prairie ; lives in holes, usually in small ele- 
vations of some kind, as old ant-hills or a bog. Elk River, Sherburne County: Com- 
mon on high- ground ; never found on the low meadows with Arvicola riparius. 

Dakota. — Devil’s Lake, Ramsey County, August 6-19, 1887 : Very scarce ; caught 
2. Bottineau (western edge of Turtle Mountain), August 22-30, 1887 : Quite com- 
mon ; feeds largely on the bulbous roots of Liatris graminifolia^ which is abundant 
all over the prairie. 

Lemming Mouse ; Cooper’s Mouse {Synaptomys cooperi). 

Minnesota. — Elk River, Sherburne County : Rather rare. Usually found on low 
meadows or near a brook ; have never caught any in traps. Of the 7 or 8 spec- 
imens which I have taken, the first was dug out from under a tamarack stump on 
a wet marsh ; 2 I caught in my hands while making hay, both on low meadows 
and near a brook. In the winter of 1886-’87 I took 3 or 4 from the cats, but do not 
know where they caught them. 

Muskrat {Fiber zibethicus). 

Minnesota. — ElkRiver, Sherburne County, 1887: Numerous; live in holes in banks 
of creeks and rivers, and in houses which they build in ponds and lakes. They eat 
fresh-water mussels, small turtles, and lily roots. The mussels eaten are both the 
thin-shelled kind of the mud-bottomed lakes and the heavy-shelled of rivers {Unio). 
Some trappers use mussels for bait. The turtle eaten by Muskrats is a small bright- 
colored terrapin, probably Chrysemys picta. Three or four years ago I took from 
a Muskrat house a small turtle with three of its legs and its tail eaten off and the 
shell gnawed. It was still alive. The lily roots eaten are Nymphcea tuberosa and 
Nuphar advena. They form a large part of the food of Muskrats in winter when the 
ponds are frozen. 

Minnesota pnd Dakota. — Red River Valley : Common at all points visited, from 
the south end of Big Stone Lake north to Pembina. 

Dakota. — Flandreau, Moody County, May, 1887 : Common. Fort Sisseton, Mar- 
shall County, June, 1887 : Common. Devil’s Lake, Ramsey County, August, 1887 : 
Common. Rapid City, Pennington County, November, 1887 : Common along the 
creeks. 

Montana. — Tilyou’s Ranch, Dawson County, September and October, 1887 : Found 
holes and excrement of a few along a creek. 
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Little Gray Rabbit {Lepiis sylvaticus). 

Minnesota. — Elk River, Sherburne County, November, 1887 : Common in and 
around the towns ; rather scaree in tlie country. I do not think they were here.eight 
years ago. Heron Lake, Jackson County, Slay, 1887 : Comithon. Ortonville, Big 
Stone County, June, 1887 ; Common in the brush and around town. Brown’s Valley, 
Traverse County, June and Only, 1887 : Common in the valley and ravines. 

Dakota. — Fort Sisseton, June, 1887 ; Common. Fort Buford, September, 1887 : 
Common in the brush of the rivei’ flats and ravines. It follows paths through the 
brush, but does not keep well-beaten trails like those of the Varying Hare {L. anier- 
icaMus). Rapid City, Pennington County, November, 1887 : Quite common. 

Montana. — Tily oil’s Ranch, Dawson County, September, 1887 : Numerous in the 
brush. 


Varying Hare {Lepus americanus). 

Minnesota. — Elk River, Sherburne County, November, 1887 : Common. 

Dakota. — Grand Forks, July, 1887 : Said to occur. Pembina, July and August, 

1887 : Common. Bottineau (in western border of Turtle Mountain), August, 1887 : 
Evidentlv numerous. The hazel brush on the hills is all cut off at about 2 feet from 
the ground, and the ground is strewn with excrement of this species and that of L. 
campestriSf which is about four times as large. 

Jack Rabbit {Lepus campestris). 

Minnesota. — Heron Lake, Jackson County, May, 1887 : Said to occur. Ortonville, 
Big Stone County, June, 1887: Said to be quite plentiful here, but I have failed to 
find them. Brown’s Valley, Traverse County, Juno and July, 1887: Common on 
both sides of the valley. 

Flandreau, Moody County, May, 1887: Saw two; one was young and 
about the size of the Little Gray Rabbit {L. sylvaticus). Fort Sisseton, June, 1887: 
Said to be common; saw one, but could not get within 60 rods of it. They keep on 
the open prairie and are as wild as deer. The people here think the only way they 
can be captured is with greyhounds. They have been killed off until they are 
now very scarce. Grand Forks, July, 1887: Said to occur. Fort Buford: Common 
on the prairie. Pembina, July and August, 1887: Said to be common; saw but one. 
Devil’s Lake, Ramsey County, August, 1887: Seem to be common. Bottineau 
(western edge of Turtle Mountain), August, 1887: Common. Rapid City, Penning- 
ton County, November, 1887: Common. Shot one that I scared from an excavation 
it had made in hard clay in the midst of a Prairie Dog town where there was not a 
weed or blade of grass for protection. Still, it resembled its surroundings so closely 
as it squatted in the hole with its ears laid flat and its back level with the ground 
that I walked close to it without noticing it till it jumped and ran. The excava- 
tion measured 5 inches in depth, 6 in width, and 12 in length. This is the fourth 
Jack Rabbit I have scared out of just such a hole. I think they sit in the same 
place every day if not disturbed, but have not known one to return after being 
frightened. 

Montana. — Tilyou’s Ranch, Dawson County, September and October. 1887: Com- 
mon; eat cactus berries. Stage road from Miles City to DeaMwood, October, 1887: 
Common all along; saw a few. 

Eastern Porcupine ; Black-haired Porcupine (Ercthizon dorsatus). 

Minnesota. — Elk River, Sherburne County, 1887: I have unquestionable authority 
for the killing of two in this county. They are said to be common in tiie evergreen 
timber 50 miles north. 

Western Porcupine ; Yellow-haired Porcupine {Erethizon epueoMthus). 

Montana. — Tilyou’s Ranch, Dawson County, September, 1887: Common in the 
undergrowth on the river flats, feeding principally on bull-berry leaves and berries, and 
cottonwood bark. I found one under a brush heap. The small limbs with berries had 
been cut off from many of the bull-berry bushes near the place. Its stomach was 
full of bull-berry leaves and berries, and contained nothing else. It was very fat. 

I crawded under the brush heap and poked it with a stick. When annoyed this way 
it would strike with its tail in all directions, up, down, and sideways, striking hard; 
its tail would thump on the ground as loud as a blow from a man’s fist. After it 
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had been striking with and switching its tail I found a number of quills scattered 
over the ground for a distance of 2 feet from it. They were probably knocked off 
from the tail when it struck the ground or sticks. It did not offer to run, but curled 
its nose down and under, arched its back, and struck with its tail at everything 
which touched it. I found another under some thick, low bull-berry bushes. It 
was an adult female, very fat, and weighed 19 pounds. Its actions resembled those 
of the first, except that when disturbed it ran to another thick bunch of bushes 
about 10 rods away and when aj^proached ran back again. Its stomach was full of 
bull-berry leaves and berries and cottonwood bark. Both of these individuals had a 
strong smell, which I think came from their food, for the contents of their stomachs 
smelled the same, ands tronger. The x^eople here kill them at sight, on the suj)posi- 
tion that they destroy the timber by gnawing the bark from the green trees, but I 
have not found a tree that they have injured, and I have spent much time in the 
woods here ; ha ve tramped all over a large part of the river bottoms where Porcu- 
pines are most common, but found no sign of their work except where they had cut 
branches from the bull-berry bushes to get at the leaves and berries. Their eyes 
are small ; iris brown ; pupil large and blue, so the eye looks blue. 


Jumping Mouse {Zajms hudsonius). 


Minnesota . — Elk River, Sherburne County, 1887 : Common. 

Flandreau, Moody County, May, 1887 : Saw one. Harwood, Cass 
County, July, 1887 : Found two in a nest near a wheat-field ; the nest was made of 
fine grass, and concealed under some fallen grass of last year ; the entrance was on 
the side ; the nest was placed in a small depression scooped in the ground. Pem- 
bina, July and August, 1887 : Common in weedy places. Devil’s Lake, Ramsey 
County, August, 1887 : Common near brush and in weedy places. Fort Buford, 
Septeml)er, 1887: One found on a nest of fine grass, under fallen weeds and brush; 
it was an adult male and exceedingly fat. 


Yei.low Pocket Mouse {Cncetoelijms Jlavtis). 

Minnesota. — Brown’s Valley, Traverse County, June and July, 1887 : Caught one 
July 1 on the j^rairie on the Dakota side, about 80 rods west of the Minnesota line. 
It was about two-thirds grown , and its cheek pouches were full of the seeds of knot- 
grass {Polygonum aviculare), among vrhicli it seemed to be feeding. Saw another 
in a marsh oij the fiats, but could not get it. 

Dakota . — Fort Buford, September, 1887: Caught one here. 

Mojitana. — Tilyou’s Ranch, Dawson County, Sei>tember and October, 1887: Com- 
mon; live in holes which they dig in weed patches on the prairie ; they como out to 
feed about sundown and at daylight ; they feed on small seeds of weeds, mostly 
pigweed, but will not take bait. They are fond of the seed of knot-grass {Polygo- 
num aviculare), but pigweed seed is their favorite food, and they are generally found 
in or near a patch of it ; I have killed them with their pouches packed full of it. 
I caught 6 in my hands. Their holes are smaller than those, of any of the Mice, and 
usually are in clusters. Skunks dig out their holes and probably are their worst 
enemy. 

Pocket Rat ; KbvNGAROO Rat {Dipodottiys agilis). 

Montana. — GJ endive, Dawson County, October, 1887 : They live in holes in a 
mound of earth that has been thrown out of a railroad cut ; their holes are about 
the size of those made by the Striped Gopher, but are very different in ajipearance — 
more like those of the House Rat. They are connected by well-beaten paths. 
Most of them enter the ground in nearly a horizontal direction. Usually a little 
fresh earth is thrown out every night. A few of the holes are stopx)ed up through 
the day, like a Pocket Gopher’s hole, but they seem to be opened every night, when 
more dirt is thrown out. At these there is always the largest pile of dirt. I opened 
one, set a trap in it, and caught an adult Dipodomys. At some of the holes they 
have thrown out much of a kind of fine, short, prickly grass, but whether it was 
taken in the iioles for a nest or for food I could not tell. Their food seems to con- 
sist principally of the seeds of grasses and fine w^eeds. The}' seem to be strictly 
nocturnal, for though I liave kept traps set night and day, I have not caught one in 
the early evening or near daylight in the morning. One evening I remained at the 
place until too dark to see a rat at my feet, but I did not see one, nor was one in 
any of the traxis when I left. They are not fat at all, and by this 1 judge they do 
not hibernate. Have not found anything in their pouches, but some had grass seed 
ip. iheir mouths when caught. They are easily caught in steel traps set in the dirt 
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at the inouth of a hole. Just back of their shoulders there is a small elongated bare 
spot, which shows plainly from the wrong side of the skin, and seems to be com- 
posed of little round glands or dots. 

Pocket Gopher {Geomys bursarius). 

Minnesota . — Elk River, Sherburne County, November, 1887: Abundant; most 
numerous on the lightest and sandiest soil, and the x^oorer the soil the more they 
dig. They are considered a great pest. They do not destroy much grain by eating 
it, though sometimes they get into a shock of wheat and eat the heads of a few bun- 
dles. When their holes run through a hill of potatoes, they always clean out the 
hill. Sometimes they do noticeable damage in a patch of potatoes; I have seen 
where one Gopher had eaten the potatoes out of about a dozen hills, never more. But 
the greatest damage they do is in covering small grain and grass with the earth 
which they throw from their holes ; the damage done in this way is often consider- 
able. I once counted the hills thrown up by three Gophers twelve days after a rain. 
The number of fresh hills was, respectively, 28, 35, and 40. As near as I could judge 
without measurement, the hills averaged about 6 quarts of dirt each, and each cov- 
ered about 1 square foot of ground. Pocket Gophers work mostly by night. They 
continue throwing up hills all the time a crop is growing. One Gopher to the acre 
will cover a large area of grain, but probably they will not average one to the acre 
except where most numerous. 



C*a Mam. da. 

Fig. 1. Pocket Gopher {Geomys bursarius). 1. Face, showing grooved upper incisors and opening of; 

external cheek pouches, la. Fore foot. 

Fig. S. Gray Pouched Gopher {Thomomys talpoides). 2. Face, showing plane upper incisors and open- 
opening of external cheek pouches. 2a. Fore foot. 

[Drawings from alcoholic specimens.] 

In fields where the soil is shallow the continuous throwing up of the dirt below 
the soil is said to injure the producing qualities of the land, but I do not feel certain 
that it is so. I think it probable that their plowing the land over and over for ages 
Xiast has much to do with its fertility, at any rate witli the dejith of soil. _ They 
have spent their lives in x)reparing the ground for man, and now he spends his time 
in trying to get rid of them. But this is not hard to do, nor does it take much time, 
for of all animals they are the most easily trapped, as they live almost entirely under 
the gromid, and extend their holes slowly. When all iii a field have been caught, 
others do not get in it again soon. In the spring many of them leave their holes and 
travel above ground; these are probably the males. Sometimes they leave one hole 
and start another, but usually I think one Gopher stays in its hole all summer. I have 
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never found more than one in one set of holes. They lay up large stores of f oodjf or 
winter, mostly roots and stems of weeds cut into short pieces. Round Lake, No- 
bles County, May, 1887: Numerous. Heron Lake, May, 1887: Present, but not in 
sufficient numbers to do much harm. Ortonville, June, 1887: Common ip the 
hollows and on the low ground; rare on the high prairie. Brown’s Valley, Trav- 
erse County, June and July, 1887: Common on both sides; keep mostly on low 
ground, very numerous in the- valley. 

Dakota,- — Flandreau, Moody County, May, 1887: Numerous. Fort Sisseton, June, 
1887: Common. Grand Forks, July, 1887: Quite common along the river bank 
and railroads; a few in the fields. When in grain-fields they run long, crooked 
tunnels about 2 inches below the surface, and coming out at short intervals, cut 
down the grain and carry it into their holes. Many of the holes for a distance of 
several feet are packed full of grain stalks, and seem to be used only to store grain 
in. Most of the grain is cut into pieces, about 1 or 2 inches long, but some whole 
stalks are drawn in. Their object seems to be to fill the holes with a supply of food 
to be eaten at leisure, but much more grain is drawn into the holes than can be eaten 
while fresh, for on examining old holes I found them full of moldy stalks. I am 
not sure what part they eat, ifor they leave a great deal of all parts. I think they eat 
stalks and all, but mostly the heads. 

Dakota. — Devil’s Lake, Ramsey County, August, 1887: Common. The principal 
damage they do is in meadows. Harwood, Cass County, July, 1887 : Common 
along tlie railroads, and occasionally in the woods near the river bank. 

Gray Pouched Gopher {Thomomys talpoides), 

Minnesota. — Saint Vincent, August 31, 1887: Common. 

Dakota,. — Pembina, July and August, 1887: Common everywhere. Occurs on the 
Manitoba side of the boundary, and on the Minnesota side of the valley. As a rule 
this species avoids cultivated fields. I have found but one place where it was living 
in fields of grain, and this one had cut down the grain near its hole and carried it 
below ground, stalks and all, just as Geomys does. Though abundant here, this 
was the only instance where I found it in a field. They seem to prefer the wild 

f slants on the prairies, especially Psoralea argophylla, a species of wild clover with 
ong pulpy roots, that grows abundantly all over the prairies, except in low grassy 
places, where neither it nor the Gophers are found. These roots have so strong a 
smell that it is imparted to the Gopners, so that they smell as strong as the roots. 
Specimens caught in the woods lack the smell entirely. The othpr food which I 
have found them eating was the leaves, stems, and roots of various weeds and 
grasses. They are most numerous along the weedy ridges, while Geomys prefers 
low ground and marshes. Thomomys ate much easier to catch than Geomys, and do 
not fill their holes with dirt so far down. I can dig any of them open with my 
fingers. Thomomys ore not half as large as Geomys. Their manner of throwing 
up hills difiers from that of Geom^/s in several ways: (1) The single hills average 
about half as large as those of Geomys; (2.) they generally form a cluster or grouj), 

' instead of a line, and conseq^uently are less progressive (a cluster of hills where a 
Gopher has evidently worked ail summer seldom extends more than 5 or 6 rods); 
(3) they often open the hole and throw out dirt several times in the same place, 
making irregular hills of various sizes. Sometimes, though not generally, a Gopher 
throws out the dirt through the same hole every night (filling the opening through 
the day), until it has formed a pile of a bushel or more; then throws up another at 
a long distance from the first. The farthest apart of connected hills that I have 
measured was 27 feet, generally less. This seems to be their way of traveling. No 
small hills are found near the very large ones, but these seem to be connected by a 
straight hole which continues in a certain direction. Following are the dimensions 
of some of the large hills: 4 by 4 feet, and 10 inches high; 4 by 5 feet, and 9 inches 
high ; 3 by 3 feet, and 7 inches high; 4 by 5 feet, and 6 inches high. They rnust breed 
earlier than Geomys or get their grovdh sooner j for their young are very nearly full- 
gi^own now (August 3), while the young of Geomys are about half grown. The fol- 
lowing statement shows the number of developed teats in the adult females examined; 
all had been nursed this season: 3-4, 4^5, 4-5, 4-5, 4-6, 5-5, 6-5, 5-6, 5-6, 6-6, 5-7. 
Devil’s Lake, Ramsey County, August, 1887 : Common, but not so abundant as at Pem- 
bina. Here, as at Pembina, they avoid the marshes, where only grass gTows, and cul- 
tivated fields. One group of their hills in a marsh and two in a stubble-field are the 
only ones I have found, although I have been over many fields and marshes, and find 
them common at the edges. In one field that was broken this summer (about 40 acres) 

I could not find a hill, though many Gophers must have been there before it was 
plowed. Evidently their holes run so near the surface tliat a plow destroys them 
and the Gophers leave. The principal damage done by Geomys is in meadows, and 
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if Thomomys lives neither in meadows or fields, which is the case so far as I have 
observed, they are practically harmless. Their food here seems to include nearly 
every plant that they find, but they show a decided preference for leguminous 
plants, especially for the roots of Psoralea argopJiylla and G^Jycyrrliiza lepidata. 
They also eat the roots of asters and milkweeds. Probably their greatest enemy is 
Ihitorius longicauda, two of which I caught in their burrows. Bottineau (on west- 
ern border of Turtle Mountain), August, 1887 : Numerous (as common as at Pem- 
bina). Feed largely on the roots of Psoralea argopJiylla, which is abundant. 
Found places where three of them were at work in a stubble-field, and one of them 
had only thrown up one hill; so they must have come there since the grain was 
cut. Fort Buford, September, 1887: Common, ranging from the water level in the 
ravines to tlie tops of the highest hills; often found where thei'e is scarce]} any 
vegetation. Deadwood (in northern part of iBlack Hills), October, 1887: One has 
thrown up hills near here, but I failed to catch it. Rapid City (on eastern edge of 
Black Hills), November, 1887: Common. For the first time I find them doing 
enough damage to be worth noticing. They range from the lowest ground to the 
tops of the highest hills, but are most numerous on the creek flats, which might be 
called low prairie or high meadow land. This is valuable because it is the only land 
here that will produce anything worth raising, and most of it is under cultivation 
or else fenced in to protect the wild grass, which grows thick and makes an excel- 
lent quality of hay, probably equal to timothy. It is in these wild, dry meadows 
that Thomomys are most numerous and damaging. The principal damage they do is 
occasioned by covering up the grass with earth from their holes, and perhaps to 
some extent by cutting otf the roots. In one meadow of about 20 acres there were 
10 Gophers, as nearly as I could estimate by their work, and they ha^ e thrown out 
on an average about 20 hills each since the hay was cut. Each of these hills covers 
from 1 to 4 square feet of ground and grass. I have found the works of but one 
in cultivated fields here, and that was near the edge. 

Montana, — Tilyou’s Ranch, Dawson County, September and October, 1887 : Com- 
mon everywhere. Stage road from Miles City, Mont., to Deadwood, Dak. , October, 
1887 : Hills common all the way. 

DESCRIPTION OF LOCALITIES VISITED BY VERNON BAILWY DURING 

THE SUMMER OF 1887. 

Heron Lake, Jackson County, Minn. 

Heron Lake, in Jackson County, Minn., is a very irregular body of water, about 
14 miles in extreme length, and varying from a narrow channel to 3 miles in width. 
It is very shallow, being nowhere more than 6 feet deep. The bottom is clay. 
Along the southwest side, and occupying a large space between the north and 
south divisions of the lake, is a great field of reeds (Phragmites communis). In 
some places the reeds are tall and dense ; in others scattering and interspersed with 
coarse grasses, flags, and rushes, all growing in water from 6 inches to 2 feet deep. 
At some seasons the marsh is nearly dry. Its area is about equal to that of the 
lake. Several creeks flow into the lake ; its outlet is the Des Moines River. 

The surrounding country is gently undulating prairie, which contains numerous 
shallow sloughs. The soil is aU clay. Along the east shore of the lake are some 
scattered groves of native timber. The largest, some 8 or 10 acres in area, is 
mostly box elder, hackberry, elm, and plum ; some of the trees are 2 feet in diam- 
eter. The rest of the x>rairie is bare of ^mber, except the groves of cottonwood 
that have been planted. 

Broum^s Valleif, along the boundary between Minnesota and Dakota {partly in 
Traverse County, Minn., and partly in Roberts Cfounty, Dak.). 

Brown’s Valley is a continuation of the depression occupied by Big Stone and 
Traverse Lakes, which are now about 4 miles apart, but which evidently at one 
time were one lake, or more likely a river. The valley is about 2 miles wide (as 
are the lakes throughout their length), and but a few feet above the water level. 
Water is said to flow from Traverse* to Big Stone during spring freshets. By late 
measurements the water level is said to be 9 feet higher in Traverse than Big Stone. 
The lowest parts of the valley flats near the lakes are covered with coarse grass 
and reeds, and in the middle, where higher, with grass, weeds, and thickets of 
snow-berry bushes. 

The Minnesota River is a small, rapid creek, entering tlie fiats from the west 
about 2 miles from the south eud of Lake Traverse. li flows through a deep, 
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crooked valley in the prairie, which contains much brush and small timber and 
occasional grassy flats. Along its course through the flats its banks support a thick 
growth of brush and small trees, mostly willows, box elder, and plum. 

The prairie which bounds the lakes and flats rises as a steep bank probably more 
than 200 feet above the level of the lakes, and is cut into by numerous ravines which 
are washed out by water and contain more or less tiinl)er and brush. There are no 
sloughs. The soil is mostly gravelly clay. Along the edge of the prairie are 
numerous Indian mounds and earth works. 

My observations were made principa^liy on tlie |>rairie on both sides of the valley, 
and along the brushy and wooded valley of the Minnesota River, west of Lake Trav- 
erse ; also in a wo<xled ravine on tlie east side, 1 mile from the south end of Lake 
Traverse. 

Flandreau, Moody County, Dak, 

The country about Flandreau is all prairie, except along the river bottoms, where 
there are strips and thickets of brush with a few trees. There 'are no sloughs or 
marshes exceik a few old river courses on the flats. The surface is quite hilly near 
the river flats, but l>ack from these is mostly level. The soil is a gravelly clay. 

Ortonville, Big Stone County, Minn. 

Orton viile is situated on the east side and near the south end of Big Stone Lake. 
The lake is about 35 miles long and from 1 to 2 wide. The shore is mostly steep 
and stony, but in some places is low and bordered with coarse grass, rushes, and 
reeds. ITom the shore of the lake the ground slopes back gradually a little way, 
and then rises in a line of very steep, high hills, or rather banks, for they rise only 
to the level of the prairie, which is about 150 feet above the lake. 

There is a growth of small timber and brush on the low ground near the lake, on 
the points of land extending into it, on the islands, and in the numerous ravines 
which extend back into the high ground. But few of the trees are large. The 
principal kinds are basswood, box-elder, elm, and ash, with a few bur-oaks. The 
surrounding country is all prairie, slightly rolling and with some small marshes, but 
I have not seen any sloughs. The soil is mostly clay; it is very stony., with granite 
and lime-rock bowlders. Springs of very cold, pure water are numerous all along 
the foot of the hills and in the ravines, where they form little brooks. The land is 
rich, and tlie prairie is covered with a thick growth of grasses and other plants, 
many of which are decidedly western. Species of the pukse family abound, espe- 
cially Astragalus caryoearpus. 

Fort Sisseton, Marshall County, Dak. 

The country about Fort Sisseton is much broken, often rising in high Iiills, witli 
numerous large sloughs which are strongly alkaline. Generally the slopes are long 
and gradual, but in some places, especially near the sloughs, they are steep an(i 
bank-like. There is no drainage system, not a creek or river for 35 or 40 miles. The 
soil is gravelly clay, very productive, and vegetation is generally rank. 

Patches of thick brush and scrubby trees, mostly oak, bass, and ash, occur along 
the boi’ders of the sloughs, and in some places over the hills. Occasionally there is 
a large oak, elm, or cottonwood, but large timber is scarce. 

Harwood, Cass County, Dcdc. 

The land about Harwood is level prairie, unbroken, except by the timber along the 
streams, which is continuous and from one-half to 1 mile in width. This timber ii 
mostly elm, box-elder, willow, and oak, and many of the trees are large and tlirifty 
Tlie river flows between high, steep banks. The open land is all under cultivation, 
The fields of wheat, oats, and barley form one almost continuous body and yield 
large crops. 

Animal life shows more of the characteristics of timber than of prairie land. 
Some species, not being crowded into small grov^es as on the prairie general are 
not so numerous, while others occur which are not met with in any of the locviiities 
previously visited. 


Grand Forks, Grand Forks County, Dak, 

The re^on about Grand Forks is a level prairie, about 25 feet above low water in ^ 
the Red River. There is a strip of timber (bur-oak, cottonwood, baaewood, elm, 
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ash, and box-elder predominate) about half a mile wide along the river. During 
the high water the river rises nearly to the level of the prairie, but never overflows. 
The water is shghtly alkaline. The soil is clay, very stiff. The prairie is mostly 
under cultivation, the principal crops being wheat, oats, barley, and grass; they 
yield heavily. 

Animals that inhabit timber land seem to be most numerous, those of the prairie 
being rather scarce; probably owing to the low, damp ground, where water stands 
af ten heavy rains. Possibly alkali affectL the distribution of mammals, but I can 
And no proof of it. 

Pembina, Pembina County, Dak. 

The level of the j^rairie at Pembina is about 25 feet above low wa- er in the Red 
River. The surface is everywhere undulating, with about 18 inches difference in 
the level. On the prairie the ridges and hollows are quite regular, and are plainly 
marked by a difference in vegetation, grass only growing in thi', hollows and va- 
rious plants and weeds on the ridges. Along the river the land is uneven and 
ridged by water. The soil is black, rich, and productive; subsoil very sticky, and 
when wet and worked, very hard clay. A rich growth of vegetation covers th6 
prairie, A line of timber extends along each river, varying in width from 2 miles 
to less, and in most places full of thick underbrush. The principal trees are elm, 
box-elder, willow, cottonwood, and a few oak and basswood. The principal un- 
dergrowth consists of hazel (full of nuts), June-berry, choke-cherry (full of fruit), 
high-bush cranberry (full of fruit), black haws (fruit not ripe yet), thorn bush (full 
of fruit), raspberries, and other brush. The timber is generally smaller and more 
brushy than at Grand Forks. On the east side of the Red River there is very little 
except poplar and willow brush, and this, interspersed with dry, grassy marshes, 
extends about 4 miles east of the river, and is only separated from the great timber 
region of Minnesota by about 7 miles of prairie. I have seen but one slough (4 miles 
west of Pembina), and it is small and shallow, but surrounded by a large tract of 
coarse grass. The crops are generally good. I think wheat will t»e ready to cut 
about August 8 or 10, if not sooner. 

My observations have mostly been made in the timber and brush along the Pem- 
bina River, over the prairie west and north for a distance of 4 or 5 miles, and in the 
brush and meadow land on the east side of the Red River. 

The weather since I have been here has been clear, with pleasant days and cool 
nights. There was a light frost July 22, but no damage was noticeable. 

DeviVs Lake, Rainsey County, Dak. 

Devil’s Lake is a large body of water in Ramsey and Benson Counties, northeast 
Dakota. The surface of the surrounding country is variable. Tliere are hills and 
gently rolling prairies, interspersed with marshes, and near the lake are large areas 
of level, sandy, and salt-incrusted land, with scant vegetation. The lake is very 
crooked and irregular in outline, with sandy or reedy shores. All the points, penin- 
sulas, and islands, besides some strips along shore, are covered with heavy timber 
and thick brush. There are some solid bodies of forest, many square miles in ex- 
tent. The timber is largely bur-oak, box-elder, and elm. Among the brush there 
is an abundance of June-berry bushes, choke-cherries, wild plums, wild currants, 
and raspberries. 

The soil is clayey and productive. Crops generally are good. No streams flow 
out of the lake. The water is clear, but slightly salty, and a crust of salty matter is 
deposited on stones or whatever the water washes along shore, and on tlie sand that 
is near the level of the lake. The surrounding prairie is about half under cultivation, 
the principal crops being wheat and oats, probably three-fourths wheat and one- 
fourth oats. 

My observations have been made along the lake shore, in the timber, and back 
over the prairie for a distance of 5 or 6 miles, including as different physical features 
as possible. In physical features, plants, and animals there is a strong resemblance 
between this and the Fort Sisseton region. 

Bottineau, Bottineau County, Dak. 

The little town of Bottineau is on a level prairie, about 2 miles from the Turtle 
Mountains, which rise with a slope of about a mile to a height of probably 1,000 feet 
above the surrounding prairie. They form a plateau that is moderately hilly on top 
and cut through by some deep ravines. The hills are . mostly covered wdth thick 
brushj and in places, especially in the ravines, there is straggling timber, mostly pop- 
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lar, box-elder, elm, and bur-oak. Among the biaish is an abundance of June-berry 
bushes, choke-cherries, wild red cherries, and high-bush cranberries, the last four 
now loaded with ripe fruit. The bur-oaks are full of acorns, down to bushes four 
feet high. 

There are said to be many lakes farther back in the hills than I have been. A 
small creek comes down througli a deep ravine in the mountains, and flows near 
tlie town in a south^vest direction across the prairie. Along its banks are thick 
brush and a few trees. The prairie is quite level, and covered with short, tine 
grass. There are no sloughs or lakes near here. 

Crops are good, and consist principally of wheat and oats. 

Fort Buford, Buford County, Dak. » 

The fort is situated near the left bank of the jMissonri River, opposite the mouth of 
the Yellowstone. It is on a level prairie—the second river flat — which is about a 
mile wide and 4 or 5 long, running parallel to the river, and averaging about 20 
feet above the bank. Extending most of the way between this and the river is 
another flat, on a level with and forming tlie river bank, which is about 15 feet 
above low water. Tliis lower flat is covered with a dense growth of brush and 
trees. The principal tiees are cotton- w^ood, box-elder, and black ash; the brush is 
largely willow, some thorn, rose, choke-cherry, and a thorny bush called bull bush 
or bull- berry bush, which is now loaded with fruit — a small red berry of pleasant 
taste.* This flat varies from a half mile in width to less, and the brusk is so thick 
and large as to be almost impenetrable, except as roads are cut through it. 

From the farther side of the prairie (back from the river) steep, high hills rise to 
a height of probably 1,000 feet above the river. Deep ravines, with steep or perpen- 
dicular sides and full of brush (largely choke-cherry and bull-berry), cut through 
these hills and through the prairie, running down to the river. In the bottom of 
each ravine is generally a small brook which goes dry between rains. 

The hills are mostly co vered with a very scattering growth of fine grass and 
small weeds, but in places are bare clay or soft sandstone, without vegetation and 
in curious shapes from the wearing away of the softer parts, leaving them with 
steep or projecting sides. 

In the valleys betw^een the hills (not the ravines) an J on the prairie there is a 
good grass for pasturage, some sage brush, various w^eeds, and cacti, some of which 
are of interest as forming food for birds and mammals — particularly a wild sun- 
flower {Helianthis rigidui). 

The first frost was recorded September 15. 

TilyoiCs lianch, Dawson County, Mont. 

Tilyou’s Ranch is situated on the Yellowstone River, 20 miles from Fort Buford, 
Dak. The river valley is about 5 miles wide, generally level. It is inclosed by 
high hills, scantily covered wdth vegetation; on the east side the hills are very steep, 
rough, and bare. Good grass growls along the creeks and on low places; elsewhere 
vegetation is stunted and scarce. The river flats are covered wdth willow and bull- 
berry brush and cottonwood timber. The general features and animal life are 
much the same as at Fort Buford. 

During my stay of thirteen days the weather has been clear, dry, and ifleasant, 
with cool nights and warm days, 

DESCRIPTION OF THE BAD LANDS OF DAKOTA AND MONTANA, OBSERVED FROM FORT 

BUFORD TO MILES CIT V. 

This region has the appearance of liaving been a great plain, slightly rolling, and 
deposited to a depth of at least 1,000 feet in quite regular layers, fj-om 4 to 50 feet 
thick, principally of soft, gray sandstone (sometimes rusted or colored), and a pecu- 
liar gritless, hard, but wdien wet sticky and slippery, clay called “gumbo.” 

The change from a level, sloping plain to the curiously-formed and most intensely 
uneven surface now presented is the result of erosion. The rivers have cut through 
the soft sandstone and clay, until at present they are from 600 to 1,000 feet below 
the original level of the plain. This gives tiie branches and small side streams a 
steep descent to the main j'ivers, and they have cut down deep gorges through the 
sandstone and “gumbo,” w^hich are of sulTicient solidity to retain, in this very dry 
climate, very steep or quite perpendicular sides, on which little or nothing grows. 


* This proves to be the Buffalo berry {Shepherdia argentia). 
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Back from the level valley of the Yellowstone River, which is generally 4 or 6 
miles wide, the land rises in what would be a great wall, but it is all cut up into 
bal e peaks and humps, whicli fartlier i)a,ck have flat tops, showing the plain level, 
and which increase in size miLii far back from the valley they run together and form 
the plain. The sides of these peaks and spurs sliow the different strata through 
which the water has cut, and as these strata are of different degrees of hardness 
they resist erosion unequally, producing the curious shapes which always excite the 
wonder of the visitor. The effect is heightened by diferent color combinations, 
the sandstone oeing light gray, tlie “gumbo’’ brown, the strips of coal black, and 
a kind of shell stone pink. Viewed from a distance the bad-lands remind one of 
^ some old closel y-built city, with towers, castles, and forts. If there was as much 
rain here as in tiio Mississippi Valley these hills would be smoothly rounded and 
covered with luxuriant vegetation. 

In the valleys and on the plain there is a rather scattering growth of short, fine 
grass and sage brush, but on the hills below the plain level there is very little veg- 
etation, at a distance apparently none. Sage brush and a few other small plants 
grow on some of the most sloping sides, but more of them are perfectly bare. In 
some places red cedars, very short and serubby, grow in the nooks and along the 
edges of the hills. 

Deadwood, Lawrence County, Dak. 

The town of De^idwood, in the northern part of the Black Hills, is situated in a 
deep, narrow valley or gorge, through which runs a rapid creek of red water that 
looks exactly like blood. Ir takes its color from a red clay through which it runs. 
The hills rise high and steep from the valley, probably to a height of 2,000 feet from 
their base, and are covered with pine, spruce, and brush. The timber is scattering, 
and much of it has been cut. The hills are stony, and at the tops of most of them 
are ledges or peaks of rock, with many cracks, crevices, and holes. Wherever 
there is soil over the rock vegetation is abundant. Grasses, wild rye, golden-rod, 
asters, snow-berries, a small rose bush, and numerous other plants and shrubs 
cover the hills. There are also bircli, hazel, and a kind of scrubby oak. My field 
work at Dead wood was done on the mountains within a few miles from the town. 

Dajmd City, Pennington County, Dak. 

Rapid City, on the eastern edge of the Black Hills, is in the Rapid Creek valley, 
just where it leaves the pine-covered mountains and enters the more level and 
treeless prairie region. The liills to the west are high, steep, and rocky, covered 
with jack and yellow pine, and in some of the ravines there are a few scrubby iron- 
wood and oak trees and brush. The prairie may be divided into low, level, and 
fertile creek valleys (where the farms are), and high, dry, and unproductive table- 
lands and lulls covered wo'th short grass. The descent is steep and the creeks very 
rapid. The soil is good, but there is not enough rain during the season to make 
farming a success, except on the lowest kind, unless by irrigation. 

The weather from November 1 to 16 was steadily clear, with warm days and 
freezing nights. 


NOTES ON THE DEPEEDATIONS OF BLACKBIRDS AND GOPHERS IN 
NORTHERN IOWA AND SOUTHERN MINNESOTA IN THE FALL 
OF 1887. 

By Dr. A. K. Fisher, Assistant Ornithologist. 

BLACKBIRDS. 

At Round Lake, Minn., most of the Blackbirds had gone by the 
end of September, but their work was plainly visible in every eorn- 
field. Mr. D. W. Lounsbury pointed out the results of their depre- 
dations in his own fields, and devoted considerable time to driving 
around to neigh boring farms that a number of fields over a compam- 
tively large area might he examined. All had been more or less dam- 
aged. The loss was estimated at from 5 to 50 per cent, of the crop. 
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One farmer made the statement that out of all corn husked in a pre- 
vious year there were few cobs which contained more than an inch or 
two of grain at the base, the rest having been removed by the birds* 

The time when most of the damage is done is when the kernels 
are soft and milky. The birds readily tear through the husk and 
reach the grain. The heavier ears, which by their weight take a 
horizontal position, suffer most, as the birds can gain a better footing 
than on the vertical ones. 

Certain portions of a field, or fields in certain localities, suffer moiPe 
than others. Sides of fields facing sloughs, or fields surrounded by 
them, and portions away from farm buildings suffer more severely 
than those favorably situated. Little damage is done to corn after 
the kernels harden. A few fragments were found in the stomachs 
of birds captured in the field about the 1st of October, but the larger 
part of the contents of the stomachs consisted of the seeds of the 
Fox-tail grass {Set aria). 

Oats and wheat were said to be eaten by Blackbirds, but the greater 
damage done to these grains is by Gophers. 

The chief reason why the Blackbirds, which are mainly Red-wings 
and Yellow-heads {Agelaius phcEuiceus and Xanthocephalus xantho- 
cephalus), are so troublesome in this locality is that so small a pro- 
portion of land is planted to corn compared with the vast amount of 
surrounding prairie. The rank vegetation bordering the lakes and 
sloughs on the unimproved land furnishes safe retreat for nesting and 
roosting, from which the birds make frequent inroads upon the 
neighboring isolated corn-fields. 

The same state of affairs existed at Storm Lake, Iowa, some years 
ago, before corn was so extensively raised as at present. IS’ow the 
loss is very little felt on account of the large area under cultivation. 

In endeavoring to lessen the damage done by the Blackbirds some 
farmers shoot large numbers as they go to and from the fields, and 
the frequent firing is thought to frighten a good many away. Others 
use poison alone or in connection with fire-arms. 

Strychnine is the favorite poison. It is placed in water with a 
quantity of green corn cut from the cob; the mixture is allowed to 
soak for some hours. A few kernels of this poisoned grain are 
placed on the ears that have been damaged by the birds in the fields. 
When the birds return they are supposed to eat the loose grain which 
they find. One farmer who had tried thi§ method, and who visited 
their roosting places, reported a number of dead birds. 


GOPHERS. 

Although the damage done by Blackbirds is very great, and the 
total value of the grain destroyed by them reaches a high figure, it 
is doubtful whether it exceeds in amount the losses occasioned by 
Gophers. 

In southwestern Minnesota and northern Iowa there are three 
species of Gophers, namely, the Gray Gopher {Spermopliilus frank- 
lini), the Striped Gopher {Spermopliilus tridecemlineatus) , and the 
Pocket Gopher {Geoviys hursarius), the last species being by far the 
most destructive. 

The Gray and Striped Gophers are more or less alike in habits, 
living a considerable portion of the time above ground and feeding 
on the same substances. Where abundant, as they are in many parts 



456 


KEPORT OE THE OOMMISSIOIn'ER OF AGEICULTURE. 


of the West, they destroy large quantities of corn, wheat, oats, and 
the seeds of flax. They also feed to some extent on seeds of wild 
plants, even when grain is plenty. A Striped Gopher shot at Heron 
Lake near a field of wheat stubble had its pouches full of the seeds 
of the ragweed {Ainbrosia artemisicefolia) . 

In view of the fact that large numbers of these animals are shot 
and handled it is surprisingt hat they are not used as an article of 
food. Their flesh is as sweet and delicate as that of the arboreal 
Squirrels, which are held in high esteem as a game dish in many 
pa^ts of the East. The farmers agree that they ought to be good to 
eat, but it was impossible to learn of any one who had tried them. 
The Pouched Gopher, whose habits are entirely different from those 
of the Striped or Gray Gophers, lives in extensive underground gal- 
leries, rarely comes to the surface, and commits depredations rival- 
ing in extent those of the Blackbirds. 

Both at Storm Lake, Iowa, and Round Lake, Minn., complaints 
were made of the damage done by Pocket Gophers to fruit and shade 
trees by their gnawing off the roots, which soon destroyed the tree. 

Mr. Lounsbury showed me an apple tree, fully G inches in diameter, 
all the roots of which had been cut off by Pocket Gophers. He has 
lost upwards of 100 apple trees in the past few years by these destruc- 
tive rodents. Vegetable gardens also suffer severely from their dep- 
redations. In some potato fields in exposed situations the inroads 
are so great that it is a question whether the crop is worth gathering. 
When a field is badly affected one year the farmer the following 
spring strives to place the new plant as far from the old as possible, 
thereby securing a good crop before the Gophers discover the field. 
Pocket Gophers follow along the rows of hills, commencing when 
the potatoes are not more than half an inch in diameter and not 
stopping until the crop is harvested. One farmer alleges that he 
found in the store-house of a Pocket Gopher at least two quarts of 
potatoes about the size of cherries. 

Considerable damage is done to meadows by the loose dirt brought 
to the surface from the galleries and deposited in numerous mounds, 
thereby killing the grass thus covered. Numbers of Pocket Gophers 
are trapped, but more are killed by placing poisoned potatoes in the 
galleries. 

The losses occasioned Iw the destruction of crops^by Blackbirds 
and Gophers were so severe that the supervisors of Nobles County, 
Minn., early in 1887, appropriated §1,500 to pay bounties at the fol- 
lowing rates: Blackbirds, 10 cents a dozen before July 1, G cents 
after that date; Striped and Gray Gophers, 3- cents; Pocket Gophers, 
5 cents. As is usually the case with bounties little good was accom- 
plished, and no appreciable diminution in the numbers was observed. 
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Sir : I have the honor to transmit herewith my report, which con- 
tains a statement of the more important work accomplished by the 
Bureau of Animal Industry during the past year. For many inter- 
esting details of this work, and for the reports of the Agents and In- 
spectors, I must refer you to the Fourth Annual Report of the 
Bureau of Animal Industry. 

D. E. SALMOlSr, 

Chief of the Bureau of Animal Industry. 

Hon. Rorman J. Colman, 

Commissioner of Agriculture. 


OPERATIO:^^ OF THE BUREAU. 

The N^ork for extirpating contagious pleuro-pneumonia, and for 
preventing its spread into uninfected States and Territories, has re- 
cently been the most important business of the Bureau of Animal 
Industry, and because of its urgent nature and the evident intention 
of the law has received more attention than any of the other duties 
which have come before it. The other lines of work mentioned in 
the act establishing the Bureau have, however, been kept in hand, 
and very much valuable vuork has been done. There has been con- 
tinual co-operation with the authorities of the Western States and 
Territories to prevent as far as possible the losses produced by the 
disease generally known as Texas fever. There has been constant 
investigation of reported outbreaks of cattle disease in various 
States, to determine the nature of maladies supposed to be danger- 
ous, and the proper methods to be employed in their prevention and 
treatment. There has been a scienUfic investigation carried on 
regarding the cause and the means of preventing our worst conta- 
gious diseases, and there has been an investigation made into the 
condition of different branches of the animal industry in the various 
States. In addition to the work just mentioned, there has been the 
clerical work of the Bureau — the correspondence, the record of the 
work, the supervision of accounts, the preparation of reports, etc., 
which, during the past year, has required a great amount of labor. 

In attempting to present this vcork with considerable detail, I will 
first refer to the measures adopted for the suppression of pleuro-pneu- 
monia, and then more briefiy recount the most important part of 
what has been done in the other directions. 


45T 
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PLEURO-P^TEUMOI^IA. 

At the time my last report was su omitted the contagious pleuro- 
pneumonia, or European lung plague of cattle, existed not only in 
the plague spots of the Eastern States, where its presence has been 
recognized for years, but to an alarming extent in Chicago, one of 
the greatest live-stock centers of the country. The knowledge that 
this deadly contagion had fixed itself so far in the interior, where 
there was so much danger of its being scattered in many directions 
by the movement of cattle, caused apprehension and alarm among 
the cattle owners and business men of all the Western States and 
Territories. The introduction of cattle, not only from Cook County, 
but from the whole State of Illinois, was prohibited by the State 
authorities in many instances. Thus there was at once a most se- 
rious and widespread interruption of traffic and disturbance of values, 
in addition to the losses from the disease. 

When the outbreak at Chicago was discovered, and for some 
months afterwards, both national and State laws applicable to its 
eradication were imperfect. The appropriation for the Bureau of 
Animal Industry for the year ending June 30, 1887, authorized the 
purchase of diseased animals whenever ii was necessary to prevent 
the spread of pleuro-pneumonia from one State into another; but as 
the statute then in force in Illinois required the slaughter of ani- 
mals affected with this disease without compensation, it did not ap- 
pear necessary that they should be purchased by the General Gov- 
ernment. The work of the Department was therefore confined to an 
investigation of the extent of the disease and the maintenance of a 
guard over the infected distillery stables and over one infected farm 
upon which were found exposed about 250 head of cattle. ' 

The inspection made by the Department veterinarians soon showed 
that the contagion had been disseminated quite extensively by dis- 
eased cattle which had pastured upon the vacant lots and commons 
about the city, and there mingled with many milch cows which had 
been allowed to run at large. 

The appropriation act approved March 3, 1887, not only increased 
the sum to bo expended by the Bureau of Animal Industry from 
$100,000 to $500,000, but gave authority to purchase both diseased and 
exposed cattle, and made $100,000 immediately available. The Chief 
of the Bureau was at once directed to proceed to Illinois and reach 
some understanding, if possible, with the governor and live-stock 
commission, by which the work in that State r iyhtbemade efficient 
and the disease ( radicated without further delay. At a conference 
between these gentlemen, held in Springfield, 111., it was decided 
that the Department of Agriculture would pay for the diseased and 
exposed animals that were slaughtered; a veterinarian, not pre- 
vio isly . oned there, and having reputation and experience, would' 
be placed ia charge of the Department work ; the force of the Depart- 
ment would be increased as required for the extermination of the 
plague; the separate offices previously maintained by the Depart- 
ment and the State commission would be consolidated ; the State com- 
mission would do everything in its power to secure the rigid enforce- 
ment of the State law. 

It was evident from the amount of the appropriation for the cur- 
7’ent year, and the authority accompanying it, that Congress intended 
not only that measures should be adopted to prevent the spread of 
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pleTiro-pneumonia from State to State, but also for the extirpation of 
the disease wherever it might exist. The rules and regulations pre- 
viously prepared under section 3 of the act approved May 29, 1884, 
and already accepted by several States, were not entirely adapted to 
the most emcieiit exercise of this enlarged power. Accordingly new 
rules and regulations, as follows, were at once prepared and certified 
to the governors of all the States and Territories of the Union : 

Rules and regulations of the United States Department of AgHculture for the sup- 
pression and extirpation of contagious, infectious, and communicable diseases 

among the domestic animals of the United States, 

[Prepared by the Commissioner of Agrtoulture^] 

In pureuaiKXi of an act of Congress entitled “An act for the establishment of a 
Bureau of Animal Industry to prevent the exportation of diseased cattle, and to 
provide means for the suppression and extirpation of pleuro-pneumonia and other 
contagious diseases among domestic animals,” approved the 29th day of May, 1884, 
and of section 3 of said act, the following rules and regulations are hereby prepared 
and adopted for the speedy and effectual suppression and extirpation of contagious, 
infectious, and communicable diseases among the domestic animals of the United 
States : 

RULES AND REGULATIONS. 

(1) Whenever it shall come to the knowledge of the Chief of the Bureau of Ani- 
mal Industry of the Department of Agriculture that there exists, or there is good 
cause to believe there exists, any contagious, infectious, or communicable disease 
among domestic animals in any part of tlie United States, and he believes there is 
danger of such disease spreading to other States or Territories, he shall at once 
direct an inspector to make an investigation as to the existence of said disease. 

(2) Said inspector shall at once proceed to the locality where said disease is be- 
lieved to exist and make an examination of the animals said to be affected with 
disease, and report the result of sucli examination to the Chief of the Bureau of 
Animal Industry. 

(3) Should the inspc'ctor on such Investigation find that a contagious, infectious, 
or communicable disease exists among the animals examined, and especially pleuro- 
pneumonia, he shall direct the temporary quarantine of said animals, and the herds 
among which the}- are, and adopt such sanitary measures as may be necessary to 
prevent the spread of the disease, and report his action to the Chief of the Bureau. 

He will further notify in writing the owner or owners, or person or persons in 
charge of such animal or animals, of the existence of the contagious disease, and 
that said animal or animals have been iilaced in quarantine, and warn him or them 
from moving said animal or animals under penalty of sections 6 and 7 of the act 
of Congress approved May 29, 1884. 

(4) When the Chief of the Bureau of Animal Industry is satisfied of the existence 
of any contagious disease among domestic animals in any locality of the United 
States, and especially of pleuro-pneumonia, and that there is danger of said disease 
spreading to other States or Territories, he will report the same to the Commissioner 
of Agriculture, who will quarantine said locality in the mode and manner as pro- 
vided in Rule 12. He shall cause a thorough examination of all animals of the kind 
diseased in said locality, and all such animals found diseased he will cause to be 
slaughtered. He shall establish a quarantine for a period of not less than ninety 
days of all animals that have come in contact with diseased animals, or have been 
on premises or in buildings on or in which diseased animals have been, or have been 
in any way exposed to disease ; and shall make and enforce all such sanitary regu- 
lations as the exigencies of the Case may require. He will cause to be disinfecte'd 
in such manner as he deems best all sheds, corrals, yards, barns, and buildings in 
which diseased animals have been, and until such premises and buildings have been 
so disinfected and declared free from contagion by certificate in writing signed by 
an inspector of the Bureau of Animal Industry, no animal or animals shall be per- 
mitted to go upon or into said premises and buildings. Should, however, any ani- 
mal or animals be put upon said premises or into said buildings in violation of this 
rule and regulation, then such animal or animals shall be placed in quarantine for 
a period of not less than ninety days, and said premises or buildings be again dis- 
infected, Said second disinfection and tlie quarantine of said animals to be at the 
expense of the owner of said premises or buildings. 
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(5) All arsimals quarantined by order of the Chief of the Bureau of Animal In- 
dustry shall have a chain fastened with a numbered lock placed around their horns, 
or in case of hornless animals placed around their necks; and a record will be kept 
showing the number of lock placed upon each animal, name and character of ani- 
mal, and marks of identilication, name of owner, locality, and date of quarantine). 
The Chief of the Bureau, however, may. in his discretion, in place of chaining 
said animals, cause the animals to be branded in such manner as he may designate, 
or may place a guard over the same. 

(G) All animals quarantined will be deemed and considered as “affected witli 
contagious disease,'’ and any person or persons moving said quarantined animals 
from the infected district will be prosecuted under sections G and 7 of the act of 
Congress establishing the Bureau of Animal Industry approved May 29, 1884. 

(7j Whenever in the judgment of the Chief of the Bureau of Animal Industry 
it becomes necessary to kill animals that have been exposed to the contagious dis- 
ease known as pleuro-pneumonia in order to prevent the spread of said disease 
from one State or Territory to another, he shall cause the same to be slaughtered. 

(8) All animals diseased with pleuro-pneumonia, and ail animals exposed to pleuro- 
pneumonia, that have been condemned to he slaughtered, shall be first appraised as 
to their value at the time of their condemnation. Said appraisement shall be made 
in the mode and manner provided for by the law of the State in which they are lo- 
cated, and such compensation on their appraised value will be i:>aidasis luovidedfor 
by the law of such State. In case such State has no law for the appraisement of the 
value of animals diseased with pleuro-pneumonia, or that have been exposed to 
pleuro-pneumonia, or either, then the Chief of the Bureau of Animal Industry shall 
direct an inspector of the Bureau to convene a board of appraisers to consist of 
three members, one of whom said inspector shall appoint, one to be appointed by 
the owner of the animal or animals condemned, and these two wail appoint the 
third ; in case the said owner shall neglect or refuse to name an appraiser, then by 
two ;ipi)raisers to be appointed by said inspector. This board vrill appraise the 
vjilue of the animals condemned and certify to the same in writing under oath, and 
the amount so fixed by said board shall be paid to the ov.mer of the animals con- 
demned. Should the ov/ner of the anjmals condemned be dissatished with the ap- 
Xiraisement, he may apj>eal from said appraisement to the circuit court of the United 
States, and the amount found by said court to be the value of the condemned 
animals will be paid to the owner. 

(9) Whenever it is deemed necessary by the Chief of the Bureau of Animal In- 
dustry to supervise and inspect any of the lines of transportation operating in the 
United States, that do business in and through more than one State, or connect with 
lines doing business in and through other States, and the boats, cars, and stock- 
yards in connection witli the same, he shall designate suitable inspectors for that 
purpose, and rnalie all necessary regulations for the quarantine and disinfection of 
all stock-yards, cars, boats, and other vehicles of transportation in which have been, 
or in which have been transported animals affected with a contagious disease or 
suspected to have been affected with such a. disease. Such cars and other vehicles 
of transportation declared in quarantine shall not be again used to transport, store, or 
shelter animals or mercliandise until certified to be free of contagion by a certificate 
signed by the inspector supervising their disinfection, and such stock-yards shall 
not again have animals placed in them until likewise declared free of contagion. 

(10) All quarantined stock, premises, and buildings will be under the charge and 
supervision of an inspector of the Bureau of Animal Industry, and shall be in no 
case free from quarantine until so ordered by the Chief of the Bureau. 

(11) W^henever any inspector of the Bureau of Animal Industry is prevented or 
obstructed, or interfered with in tlie discharge of his duty in the examining of ani- 
mals suspected to have a contagious disease, or in placing under quarantine animals 
or premises, or in disinfecting them, he will report the same to the Chief of the Bu- 
reau. He will also call upron the sheriff or other police authorities of the locality 
where said obstruction or interference occurs for aid and protection in the perform- 
ance of his duty. Should such sJieriif or police authorities neglect or refuse to ren- 
der such aid and protection he will then apply to the United States marshal of said 
district for the necessary force and assistance needed to f^rotect him in the carrying 
out of the duties imj)osed ujion him by these I'ules and reflations and the provisions 
of the law by authority of which they are made. He will also file withthe United 
States district attorney information of all the facts connected with such obstruction 
and interference and the names of the party or parlies causing the same. 

(12) Should from any cause tlie Chief of tlie Bureau of Animal Industry find that 
it is impossible to enforce these rules and regulation - in any State, and tliat inconse- 
quence thereof there is great danger that pleuro-pneumonia will spread from said 
State to other States and TeiTitories, lie will report the same to the Commissioner of 
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Agriculture. Thereupon the Commissioner of Agriculture, if he believes the exigency 
of the case requires it, will declare said State, in which pleuro-pneumonia exists and 
in which it is impossible to carry out these rules and regulations, to be quarantined 
against the exportation of animals of the kind diseasedtoany other State, Territory, 
or foreign country. Said order of the Commissioner declaring the quarantine of a 
State will be published in at least two papers in said State once a week during the 
existence of said quarantine, and in such other papers as he may select. Notification 
of the order declaring said quarantine will be certified to the governor of the State 
quarantined, as well as to the governors of all other States and Territories, and to 
the agents of all transportation companies doing business in or through said State. 
All animals of the kind quarantined against in said State will be deemed as animals 
“ affected with contagious disease,” and any person moving or transporting any of 
said animals to any other State or Territory, or delivering any of such animals to any 
transportation company to be so transported, will be prosecuted under sections 6 and 
7 of the act of Congress approved May 29, 1884. Provided, however, that any 
animal of the kind quarantined against that ha^ been examined by an inspector of 
the Bureau of Animal Industry and by a certificate in writing signed by such inspec- 
tor declared to be free from pleuro-pneumonia, may be exported to any other State or 
Territory, and provided further that said animal shall be exported within forty-eight 
hours after such examination and signing of said certificate, so that said animal may 
not bo exposed to disease before leaving said State. 

(13) Before giving the certificate provided for by Rule 12 the inspector must be 
furnished with an affidavit made by two reputable and disinterested persons, stat- 
ing that they have known the animals to be examined for a period of six months 
immediately prior to the date of examination, and tliat during that time the ani- 
mals have not been exposed to pleuro-pneumonia, that they have not been in any 
of the buildings or on any of the premises, or among any of the herds known to 
be affected with pleuro-pneumonia, or suspected to be so affected. The inspector 
may also require further proof as to whether said animals to be examined have 
been exposed to pleuro-pneumonia. 

(14) All rules and regulations heretofore made are hereby revoked, and these rules 
and regulations will be in full force and effect on and after the 15th day of April, 
1887. 


Norman J. Colman, 
Commissioner of Agriculture. 


These rules were accompanied by a certificate and request for co- 
operation, of which the following is a copy: 

Washington, D. C., April 15, 1887. 

I, Norman J. Colman, Commissioner of Agriculture, do hereby certify to the 
executive authority of the State of the foregoing rules and regulations pre- 

pared by me for the speedy and effectual suppression and extirpation of contagious 
diseases among domestic animals of the United States, by virtue of section 3 of an 
act of Congress approved May 29, 1884, entitled “ An act for the establishment of 
a Bureau of Animal Industry, to prevent the exportation of diseased cattle, and to 
provide means for the suppression and extirpation of pleuro-pneumonia and other 
contagious diseases among domestic animals,” and I do hereby invite the executive 

authority of the State of to co-operate in the enforcement and execution of 

said act and of these rules and regulations, made by authority of and in pursuance 
of the provisions of said act. 


Commissioner of Agriculture. 

To his excellency. 


Governor of the State of . 

The following form of acceptance wa.s inclosed for the signature 

183—. 

I, , governor of the State of , and chief executive officer thereof, 

do hereby acknowledge the receipt of the rules and regulations certified to by the 
Commissioner of Agriculture of the United States, as having been prepared by him 
April 15, 1887, in pursuance of the authority of section 3 of an act of Congress 
a[)''rov8d May 29, 1884, establishing the Bureau of Animal Industry, and further 
r'.‘ knowledge the receipt of the invitation to the executive authority of the State 

uf to co-operate in the enforcement of the provisions of said act, and of said 

rules and regulations. 


of the governors accefiti ng tne rules and regulations 
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And on behalf of the State of 


and by virtue of my autiaa it)' as the chief 


executive officer thereof, I do hereby accept the rules and regulations prepared by 
the Commissioner of Agriculture, April 15, 1887, for the suppression and extirpa- 
tion of contagious diseases of animals, and agree that the executive authority of the 

State of will co-operate with the Bureau of Animal Industry in carrying out 

the provisions of the act of May 29, 1884, to the full extent of its authority; and that 
I will direct the sherilfs and other peace officers of the State to render all necessary 
aid and assistance to the inspectors of the Bureau of Animal Industry in the per- 
formance of the duties impost upon them by the said rules and regulations. 

T Governor af the State, of . 

Hon. Norman J. Colma?j, ^ 

Commissioner of Agriculture, Waslihigton, D. C. 


The governors of thirty-four States and Territories have accepted 
these rules and regulations and agreed to co-operate vdth the De- 
partment in the extirpation of pleuro-pneumonia. 

At this time, however, very few States had statutes authorizing 
the governors to accept such rules and regulations, and some of the 
governors were doubtful of their power to accept without a special 
authorization from the legislature. There were also many States 
which had no laws for the suppression of pleuro-pneumonia, or, 
having such laws, these were too defective for the enforcement of 
the proper measures to secure the prompt extirpation of the plague. 

To overcome this deficiency in State legislation a form of law 
suited to meet this emergency was suggested to the legislatures then 
in session. This act was passed bv the legislatures of New Hamp- 
shire, Massachusetts, Rhode Island, New York, and Virginia, in the 
following form: 


AN ACT to co-operate with the United States in the suppression and extirpation of pleuro-pneumonia. 

The people of the State of New York, represented in senate and assembly, do enact 
as follows : Section 1. The governor is hereby authorized to accept, on behalf of the 
State, the rules and regulations prepared by the Commissioner of Agriculture, under 
and in pursuance of section three of an act of Congress approved May twenty-nine, 
eighteen hundred and eighty-four, entitled ‘‘An act for the establishment of a Bureau 
of Animal Industry, to prevent the exportation of diseased cattle, and to provide 
means for the suppression and extirpation of pleuro-pneumonia and other contagious 
diseases among domestic animals,^’ and to co-operate with the authorities of the 
United States in the enforcement of the provisions of said act. 

Sec. 2. The inspectors of the Bureau of Animal Industry of the United States 
shall have the right of inspection, quarantine, and condemnation of animals affected 
with any contagious, infectious, or communicable disease, or suspected to be so af- 
fected, or that have been exposed to any such disease, and for these purposes are 
hereby authorized and empowered to enter upon any ground or premises. Said in- 
spectors shall have the power to call on sheriffs, constables, and peace officers to 
assist them in the discharge of their duties in carrying out the provisions of the act 
of Congress approved May twenty-nine, eighteen hundred and eighty -four, estab- 
lishing the Bureau of Animal Industry; and it is hereby made the duty of sheriffs, 
constables, and peace officers to assist said inspectors when so requested; and said 
inspectors shall have the same powers and protection as peace officers while engaged 
in the discharge of their duties. 

Sec. 3. All expenses of quarantine, condemnation of animals exposed to disease, 
and the expenses of any and all measures that may be used to suppress and extir- 
pate pleuro-pneumonia siiall be paid by the United States, and in no case shall this 
State be liable for any damages or expenses of any kind under Hie provisions of Hiis 
act. 

Sec. 4. This act shall take effect immediately. 

This act was also passed by the legislature of Illinois with the fol- 
lowing pjenalty clause : 

Sec. 4. Any person violating any order of quarantine made under this act, or any 
regulation prescribed by the Commissioner of Agriculture for the suppression of 
pleuro-pneumonia, sliall be guilty of a misdemeanor, and upon conviction shall be 
punished bv a fine of not less than $100 nor more than $1,000, or by imprisonment 
for not more than six monHia, or both such fine and imprisonment. 
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In Maryland this work had been going on very harmoniously and 
successfully for about eight months under the rules and regulations 
of August 2 , 1886, and the State authorities objected to any material 
change in the status of co-operation, on the ground that they knew 
the old rules to be successful in that State, while the new ones might 
be regarded as more or less of an experiment. Some amendments, 
which appeared desirable to both parties, were consequently made to 
the old rules, and these, in the amended form, were then accepted by 
the governor and live-stock sanitary board on behalf of the State of 
Maryland, and by the Commissioner of Agriculture on th part of 
the United States. The following- is the iuxt of the amended rules 
and regulations : 

Rules and regulations for co-operation between the United States Department of 
Agriculture and the authorities of the State of Maryland for the suppression and 
extirpation of contagious pleuro-pneumonia of ca^e. 

INSPECTION. 

(1) The necessary inspectors will be furnished by the Bureau of Animal Industry 
of the Department of Agriculture. 

(2) The properly-constituted inspectors of the Bureau of Animal Industry who 
are assigned to this State are to be authorized by proper State authorities to make 
inspections of cattle under the laws of the State, They are to receive such i^rotec- 
tion and assistance as would be given to State officers engaged in similar work, and 
shall be permitted to examine quarantined herds whenever so directed by the Com- 
missioner of Agriculture or Chief of the Bureau of Animal Industry. 

(3) All reports of inspections will be made to the Bureau of Animal Industry, and a 
copy of these will then be made and forwarded to the proper State authorities; when, 
however, any inspector discovers a herd infected with contagious pleuro-pneumonia, 
he will at once report the same to the proper State authority, as well as to the Bureau 
of Animal Industry. 

(4) The inspectors, while always subject to orders from the Department of Agri- 
culture, will cordially co-operate with State authorities, and will follow instructions 
received from them, provided they do not conflict with the rules and regulations of 
the Commissioner of Agricultige and instructions of the Chief of the Bureau of 
Animal Industry. 

quarantine. , 

(5) When contagious pleuro-pneumonia is discovered in any herd, the owner or 
person in charge is to be at once notified by the inspector, and the quarantine regu- 
lations of tlie State are to be enforced from that time. The affected animals will 
be isolated, when possible, from the remainder of the herd, until they can be prop- 
erly appraised and slaughtered. 

(6) To insure a perfect and satisfactory quarantine, a chain fastened with a num- 
bered lock will be placed around the horns, or, with hornless animals, around the 
neck, and record will be kept showing the number of the lock placed upon each 
animal in the herd. 

(7) The locks and chains will be furnished by the Department of Agriculture, but 
they will become the property of the State in which they are used, in order that 
any one tampering with them can be proceeded against legall^y for injuring or em- 
bezzling the propert}^ of the State. 

(8) Quarantine restrictions once imposed are not to be removed by the State 
authorities without the consent of the proper Officers of the Department of Agri- 
culture. 

(9) The period of quarantining will continue at least ninety days after the removal 
of the last diseased animal from the herd, and will not be removed until the prem- 
ises have been disinfected. During the whole period of quarantine no animal 
will be allowed to enter the herd or to leave it, and all animals in the herd will be 
carefully isolated from other cattle. Any person or persons violating quarantine 
regulations wifi be prosecuted under the laws of Maryland by the State authorities. 

SLAUGHTER AND COMPENSATION. 

(10) All animals affected with or exposed to contagious pleuro-pneumonia are to 
be slaughtered as soon after their discovery as the necessary arrangements can be 
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made, and the State veterinarian sliall, upon the request oil: the inspector of the Bu- 
reau of Animal Industry in charge of the work, make the necessary order for the 
slaughter of exposed and diseased animals. 

(11) When diseased or exposed animals are reported to the State authorities, they 
shall promptly take such steps as they desire to confirm the diagnosis. The animals 
are to be appraised according to the provisions of the State law, and the ])roper offi- 
cers of the Bureau of Animal Industry (who will be designated by the Commis- 
sioner of Agriculture) notified of the appraisement. If this representative of the 
Bureau of Animal Industry confirms tlie diagnosis and approves tlie appraisement, 
the Department of Agriculture will purchase the animals of the owner and pay for 
the same. 

(12) All slaughter shall be made on the premises 'where practicable, and tlie car- 
casses, blood, and offal of all diseased animals properly buried thereon. In no 
case shall driving of diseased or exposed animals over the public highway be per- 
mitted unless under supervision of an officer of the Bureau. Nor shall such ani- 
mals be slaughtered at any slaughter-house where adequate jirovision is not made 
for the destruction of carcasses, offal, blood, and all infecting matters. 

DISINFECTION. 


(12) All necessary disinfection will be conducted by the employes of the Bureau 
of Animal Industry. 


INOCULATION. 

(14) No inoculation will be permitted. 

(15) The salaries and expenses of all the inspectors assigned to Maryland by the 
Bureau of Animal Industry, the compensation for all animals slaughtered under 
their direction, and all other necessary and authorized expenses, shall be paid by 
the Department of Agriculture. 

Norman J. Colman, 
Commissioner of Agriculture. 

Annapolis, Md., July 7, A. D., 1887. 

I, Henry Lloyd, governor of Maryland, do hereby approve of the foregoing 
amended rules and regulations, prepared under direction of Hon. Norman J. Col- 
man, Commissioner of Agriculture, for the suppression and extirpation of conta- 
gious diseases of animals, and I agree to co-operate with the Bureau of Animal In- 
dustry in carrying out the same in this State. 

Henry Lloyd. 

The governor of New Jersey did not formally accept the new rules 
and regulations, because he considered that he had no authority to 
do this in the absence of a statute authorizing him to take such ac- 
tion. This work had been for some years under the direction of the 
State hoard of health, and it wa^ placed in the hands of the officers 
of the Bureau of Animal Industry to be carried on in accordance with 
the new rules by the consent both of the governor and of this board. 

WORK IN ILLINOIS. 

On April 20, 1887, Dr. James Law, professor of veterinary medi- 
cine and surgery in Cornell University, took charge of the work for 
the suppression of pleuro-pnenmonia in Cook County, 111. , on behalf 
of the Department of Agriculture, acting in the capacity of chief 
inspector of the Bureau oi Animal Industry for Illinois. J'roin this 
time the work was pressed vigorously forward. The cost of inspec- 
tion, of tagging and registering cattle, of maintaining quarantines, 
of disinfection, of compensation for slaughtered cattle, of clerical 
work in the office, of office rent, etc., was paid by the Bureau of Ani- 
mal Industry. The State paid the expenses of the live-stock commis- 
sion, of the State veterinarian, and of the appraisers. 
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Cook County was placed in quarantine May 24 by tbe publication 
in tbe newspapers and by sending a notice to tbe officers of tbe rail- 
road and transportation companies. These notices were as follows: 

United States Department of Agriculture, . 

Commissioner’s Office, 
Washington^ D. (7,, May 24, 1887. 

To the managers and agents of all railroad and other transportation companies 

throughout the United States, and other persons : 

Notice is hereby given by publication, in pursuance of section 7 of an act of Con- 
gress approved May 29, 1884, entitled “An act for the establishment of a Bureau of 
Animal Industry, to prevent the exportation of diseased cattle, and to provide means 
for the suppression and extirpation of pleuro-pneumonia and other conta.gious diseases 
among domestic animals,” that a contagious, infectious, and communicable disease, 
known as pleuro-pneumonia, exists among cattle in the county of Cook, Sta,fce of 
Illinois ; that all cattle in said infected district are hereby quarantined until further 
notice, and deemed cattle “affected with a contagious disease,” and all persons are 
prohibited from moving or transporting any cattle from said county of Cook, State of 
Illinois, to any other State or Territory of the United States, under penalty of sec- 
tions 6 and 7 of the above entitled act : Provided, however, That any cattle that have 
been examined by an inspector of the Bureau of Animal Industry, and by said in- 
spector are certified to in writing as being free of pleuro-pneumonia, may be trans- 
ported to any other State or Territory from said infected district within forty-eight 
hours after being so certified to : Aiid provided further. That said inspector is fur- 
nished with an affidavit made by two disinterested persons, stating that they have 
known said cattle for a period of six months immediately prior to to the examination, 
and that during that time said cattle have not been exposed to pleuro-pneumonia. 
Said inspector may require further evidence that the cattle have not been exposed, 
and such proof as he requires must be given him. 

The attention of all persons is called to sections 6 and 7 of the act of Congress ap- 
proved May 29, 1884, establishing the Bureau of Animal Industry, which sections 
make it a misdemeanor punishable by a fine of not less than $100 nor more than $5,000, 
or by imprisonment for not more than one year, or by both such fine and impris- 
onment, for any transportation company or person to receive for transportation, or to 
transport, or to drive, from one State or Territory to another any live stock affected 
with any contagious, infectious, or communicable disease, and especially pleuro- 
pneumonia ; or for any person or persons to deliver such affected live stock to any 
transportation company. 

A reward of $100 will be paid to any person giving information to the Chief of 
the Bureau of Animal Industry that results in the conviction of any person for a 
violation of sections 6 and 7 of the act of Congress of May 29, 1884. 

Norman J. Colman, 
Commissioner of Agriculture. 


United States Department of Agriculture, 

CoMivnssiONER’s Office, 
Washington, D. C., May 1887. 

To the agents of ; 

You will take notice that, in pursuance of section 7 of an act of Congress ap- 
proved May 29, 1884, establishing the Bureau of Animal Industry, you are hereby 
notified that a contagious disease, known as pleuro-pneumonia, exists among cat- 
tle in the county of Cook, State of Illinois, in and through which infected district 
your company is doing business. Said district is hereby declared in quarantine un- 
til further notice, and you are hereby directed not to receive for transportation, nor 
to transport, any cattle from said county, in said State, to any other State or Ter- 
ritory, unless su' 'h cattle have first been examined and inspected by an inspector 
of the United States Bureau of Animal Industry, and said inspector gives a certifi- 
cate in writing tliat the cattle exe^' ued are free from the contagious disease 
known as pleuro-pneumonia, and h..x^c not been exposed to such disease, in which 
case said cattle so certified to may be transported from said district within forty- 
eight hours' from the time of examination, and not otherwise. Before examining 
cattle to certify for transportation the inspector must be furnished with an affidavit, 
made by two disinterested persons, stating that they have known the cattle for a 
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)i^lod' ctf ^ months ' J^st prior to th^ e3:aminatioii, a-nd tliat sixcjbL cittl© M 
)da ei?:i)Ose'd to< pleiiro-pnoumoiiia that thej have not: been' in any ot‘ tlie Iniildv ■ 
ings, or on any of the preahises, or amoiig any of the herds that h^ve laeen speeiall;^ 
quarantined in said distr ct.; The inspector 5 nay require other proof that the cattle 
have not been exposed to pleuro-pneunionia, which must be fbrnished before' hot 
gives the certificate. i 

Provided, however, imtil further notice, that cattle oitered for shipment from the 
Union Stock Yards at the city of Chicago, Cook County, 111., may be received atid , 
transported without examination and without the certificate above prescribed,!,. 
Nothing, however, in this proviso to exempt parties making such shipment from, 
the penalty for shipping ' i- oiTering for shipment cattle affected with pleurp-pneu- 
monia, or cattle from said Cook County, 111. 

Your attention is directed to sections 6 and 7 of the act of Congress a,j>proveU May 
29, 1884, establishing the Bureau of Animal Industry, which sections make it a niis^*! 
demeanor, punishable by a fine of not less than $100 nor more than $5,000, Or ly 
iniprisonment for not more than one year, or by both such fine and imprisonment, ' 
for any railroad company to receive for transportation, or to transport from one 
^tate or Territory to another, any live stock affected with any contagions, infectiotis, 
or communicable disease, and especially with the disease commonly known tus 
pieuro-pneumonia, or for any person oi’ persons to deliver such aifected live sto(^k 
to any transportation company. 

Your attention is also called to the rules and regulations prepared by the Cprh-: 
missioner of Agriculture, by virtue of the authority conferred upon him by section 
3 of the aforementioned act, and esj>ecially to the sixtii, ninth, and twelfth rules, a ' 
''copy of said rules and regulations being herein inclosed. ^ /' 

Norman J, CoLMAN, 

V Commissioner of Agriculture, \ 


It will be seBn that there was a special exception in regard to the : 
Union Stock Yards. There was no evidence that these yards had 
over been infedted. An agreement was made with tlie managers that 
no cattle were to he received from Cook County, and a guard was 
also established to make certain that this agreement was carried out* 
Under these conditions it appeared perfectly safe to allow the traffic 
and interstate commerce passing through these yards to go on with- 
out molestation. 

Under the same date similar notices were made in reference to ; 
Westchester, ISTew York, Kings, Queens, Suffolk, and Richmond* 
Counties in the State of JNew York ; and Baltimore, Howard, Car- ' 
roll, and Prince George’s Counties in the State of Maryland. 

To return to the work in Illinois : Beginning with i^pril 20, ‘ every 
bovine animal in the infected district was numbered by a metal tag 
pla'ced in the ear ; this number was so recorded that by means of a 
double index the animal could be easily located either by knowing 
the number or the owner’s name. Post-mortem examinations were, 
made of all cattle from this district which were slaughtered or which 
.died from natural causes. In this way nearly every herd affected 
was soon located. As no animals in this di^trid/ could be nioved 
without a permit, there was no serious difficulty in carrying put these 
regulations. In addition to this, every herd in which the disease " 
waa found, and every herd which was known to have been exposed ; 
to 4t, were slaughtered in the presence of our inspectors. 

Every stable in which a diseased or suspicious animal was found 
was disinfected in the most complete manner by a special corps of ineff - 
organized and instructed for this work. ' 

As a result of these thorough measures the extension of the plague 
was soon checked, and for the past six months, or since July 28, there 
have been no fresh or acute cases developed. There have, however, ' 
been a considerable number of chronic cases found since that tim^, 
and the object of the continued supervision has been to discover M(|> , 
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siaugiiter'all of these as the only sure precaution against a new out- 
break of the trouble. 

It was the intention to remove ail quarantine restrictions in Illi- 
nois by January 1, 1888, but the frequent discovery of lesions in the 
lungs of slaughtered coves Avhicli^ while not pathognomonic of plouro- 
pnoumonia^ might have been, produced by it, led to the postponement 
of tills action. On Deconiber an undoubted case of chronic pleuro- 
pneumonia, with eiicysLed lung tissue, was discov^ered. From an in- 
quiry which I at once made as to how this case could have escaped 
tiie general slaughter of exposed cattle that I supposed had been com- 
pleted, I learned that about 300 covvss in the infected district had been 
allowed to remain, on the belief that they had not been exposed. It 
was one of these animals, slaughtered by the desire of the owner, in 
the presence of one of oui* inspectors, wdiich revealed the existence of 
disease. The remainder of the herd wn;is at once slaughtered and the 
stable thoroughly disinfected. The quarantine restrictions will now 
be enforced until April 1, and in the meantime the remainder of the 
cattle that were in this district at the time the malady prevailed will 
be slaughtered, and it is hoped in this way to prevent any further 
extension of the quarantine. 

From Jannaiy 1 to December 31, 1887, inclnsive, 7,411 herds and 
premises wure inspected in Cook County, 111. , containing 24,059 head 
of cattle. Fost-mortem examinations \vere made on 7,267 animals, 
which, were either slaughtered or liad died from disease, and among 
these 350 m^re found aifected with pleiiro-pneumonia. • The tot^ 
numl;er of cattle slaughtered. in Illinois llnring this time, for which 
compensation was made by the Department, was 1,042. Of these, 172 
were diseased, and the owners received for them $3,179.53, an average 
of $18.42 for each animal, and 870 were exposed and the owners were 
paid for them $14,153.21, an average of $16.27. The average com- 
pensation for the exposed animals is less than for the diseased, for 
the reason that the valne of the carcass was paid by the butcher to 
the owner, and this amount was deducted from the appraisement, 
and the owner was paid the difference as compensation from this De- 
partment. 

There were disinfected in Cook County during the year 677 stables. 
Some of these were very large, and the work required the constant 
labor of the disinfecting corps of eight men. The method of disin- 
fecting was to first thoroughly clean the buildings, removing all litter, 
manure, loose earth , and rotten wood, and then to cover with a mixt- 
ure of chloride of lime and vdiitewash. This was applied by means 
of a pov^orfnl force-piini]), woi^ked by the members of the disinfecting 
cor]3s. 

The total expenses in Illinois on account of this outbreak, from 
about September 1, 1886, to December 31, 1887, were $73,991.96. Of 
this sum, $17,332. 74 \vas paid as compensation for slaughtered cattle. 
Miscellaneous expenses, including disinfecting material and appa- 
ratus, tags, and’ ringers for inserting the same, record hooks, office 
rent, etc., amount to $3,952.52. Traveling expenses of inspectors and 
other employ (is, a part of which w'as for investigating reported out- 
breaks of disease in the country for a considerable distance around 
Chicago, amounted to $3,598.99. The remainder was paid for the 
services of the inspectors, deputy sheriffs, disinfecting corps, and for 
clerica.l assistance in the office, amounting to $49, 107. 71. The amount 
paid for cattle was to all other expenses as 1 to 3.3. 
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The large proportional expenses for salaries is due to the fact that 
from October 1, 1886, to April 20, 1887, no cattle were paid for by the 
Department, but a large force was kept in the field investigating as 
to the prevalence of pleuro-pneumonia about Chicago, the size of the 
district that was infected, in guarding infected stables, and in serv- 
ing quarantine notices for the State authorities. As the State appro- 
priation was acknowledged on all sides to be too small to cope with 
the emergency, the Department of Agriculture assumed all of the ex- 
pense which it could in order that the State funds might be used for 
the slaughter of cattle. 

Between 2,000 and 3,000 head of cattle in the distillery stables and 
on the Harvey farm were quarantined by the State authorities at a 
nominal cost, and the animals were slaughtered by the State before 
the Bureau of Animal Industry was given authority to expend : ^oney 
for this purpose. ISTeither this quarantine, therefore, nor the com- 
pensation for the animals appear in this report, and yet the quaran- 
tine was maintained for sixty days by guards paid by the Bureau at 
an expense of about $100 a day„ Of course, cattle when in large 
herds can be quarantined and slaughtered at relatively small expense 
for salaries, but when in small lots and scattered over a large terri- 
tory, or when a constant guard must be maintained, this expense is 
' greatly increased. 

Again, since the slaughter of exposed cattle was suspended, there’- 
has been a period of watching and investigation to make sure that 
every vestige of the disease had been destroyed. The period duripg 
which the active slaughter of cattle was in progress, and the com- 
pensation paid by the Department, was but little over six months, 
while the total period during which it has been necessary to keep a 
force in the field has been fifteen months. Finally, the expenses for 
disinfection have been very heavy, and this is the only outbreak in 
which any systematic and thorough disinfection has been practiced 
in the United States by the authorities up to the time the disease was 
eradicated. If these facts are taken into consideration, they will ex- 
plain the preponderance of salaries and other expenses over the amount 
paid for slaughtered cattle. 

WORK IN MARYLAND. 

Baltimore County, Md., has long been acknowledged to be one of 
the worst infected localities in the United States. The plague has 
been very prevalent there, affecting nearly every herd in Baltimore 
and vicinity and extending for a considerable distance into the coun- 
try. The contagion has existed in the stables and pastures there for 
so long a time that they are saturated Avith it, and in many cases it 
is extremely difficult to secure their thorough disinfection. The 
work there has, consequently, been as difficult as it is possible for 
such work to be. Pleuro-pneumonia was also found to exist in the 
counties of Anne Arundel, Carroll, Howard, and Prince George’s, 
in the same State. The affected herds in all these counties, with the 
exception of Baltimore, were immediately slaughtered, and the plague 
was at once eradicated. 

In city districts it is much more difficult to discover affected herds. 
The oAvners are often ignorant, with no knowledge of the law, or , 
having such knowledge they conceal the disease. It is therefore only 
by constant Avatching and thorough supervision of the movement of 
animals that the diseased herds are disco A^ered. Until November 10, 
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1887, the State live-stock saiiitary board were Tinwilling to quaran- 
tine all herds in Baltimore*and require that no cattle should be moved 
from one premises to another or allowed upon any vacant lot or high- 
way without a permit. Their reasons for not making such an order 
were, first, that they thought the disease could be eradicated vrithout 
these stringent regulations; and, secondly, they doubted their ability 
to enforce it. 

An order was issued, however, which took effect hTovember ] (), 
quarantining all bovine animals within (3 miles of the city hall of 
Baltimore, and prohibiting any movement of cattle within this dis- 
trict without a permit. The order is as follows: 


SPECIAL QUARANTINE PwEGULATIONS. 

Whereas the disea SC known as contagious pi euro-pneumonia now exists as an epi- 
zootic amohg cattle in the city of Baltimore and portions of the county of Baltimore, 
in the State of Maryland: 

Therefore, in order to prevent the further spread of said contagion, I, Bobert Ward, 
chief veterinary inspector of Maryland, and the State li ve-stock sanitary board, by 
virtue of the powers conferred on us by the act of the general assembly of Mary- 
land passed at the January session, 1884, chapter 157, as a:mended by the act of 188G, 
chapter 80, do hereby place in quarantine all premises and animals w^ithin a radius 
of 6 miles from the city hall, in Baltimore City, and give notice: 

(1) That all persons are prohibited from moving, within the territory aforesaid, from 
one premises to another, or over any |:)ublic high way, or unfenced lot or piece of ground, 
or from bringing into or taking from said territory any animal or animals of the bovine 
species, except uiDon obtaining a special permit signed by the chief veterinary in- 
spector for Maryland. All persons are hereby prohibited from driving any animal 
or animals of 'the bovine species out of or into the territory aforesaid, except upon 
obtaining a special permit as above provided. No restrictions, however, are placed 
Uj^on the movement of bovine animals by rail passing through the county of Balti- 
more, nor upon steers shipped to either of the stock-yards and intended for imme- 
diate slaughter. 

(2) The grazing or exposure of animals of the bovine species upon any street, road, 
lane, or alley, or upon any un fenced lot or piece of ground in the territory afore- 
said, is strictly prohibited. 

These regulations to take cfTect on and after the 10th day of November, A. D., 
1887. 

All sheriffs, deputy sheritTs, constables, and policemen are requested to assist in 
the enforcement of these regulations. 

Done this 24th day of October, A. D. , 1887. 

Robert Ward, 

Chief Veterinary Inspector of Maryland, 

By order of State Live Stock Sanitary Board : 

T. Alex. Seth, Secretary. 


notice to cattlemen and dealers. 

The following additions to the sj)ecial quarantine regulations of October 24, 1887, 
are hereby promulgated and made part thereof, by virtue of the powers therein re- 
ferred to : 

(1) By agreement with the State weigher, tlie four yards at the northwest corner 
of the State scales pens are set apart for the exclusive use of local cattle intended for 
immediate slaughter. Cattle for sale for immediate slaughter will be admitted by 
permit to these pens, and can.be taken by permit direct to the place of slaughter. ■ 
These yards must be entered by Garrison Road (Butcher’s Lane). 

(2) No cattle from any portion of tlie quarantined area, extending 6 miles from 
the city hall of Baltimore, will be admitted to any other of the State scales pens, 
nor to the Calverton nor Clairmount stock-yards. 

(3) All cattle, from whatever source, that have once entered the above-named four 
yards for local butcher cattle must be sent direct to slaughter and nowhere else., 
Cattle from these pens may be "sveighed on the western set of scales, to which no 
other cattle except those intended for immediate slaughter will be admitted. 
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(4) Cattle from the counties of Howard, Carroll, Prince George’s, and that part oi 
Baltimore County outside of the specially quarantined area extending Q miles ft:om 
Baltimore city hall, may be transported to State scales, or either of the stock-yards, 
as if from unquarantined districts, provided they are accompanied by the special 
permit and affidavits required for cattle when going out of the State. 

(5) Persons driving cattle from outside counties to the Baltimore market must 
procure a permit before coming within the 6-mile quarantine limit, otherwise they 
must go into the four pens above designated for butcher cattle. 

(6) All cattle coming by rail from the quarantined district of tliis State, outside 
the 6-mile limit, must be unloaded at the Calverton quarantine yards, unless they 
are accompanied by the special permit, with affidavits, as required above. 

(7) The Clairmount stock-yards, the Calverton feeding pens, and that portion of 
the State scale-pens, other than those named above, as reserved for local butcher 
cattle, must be reserved for the exclusive use of cattle coming by rail from the non- 
quarantined counties of Maryland and from other States. 

Dr. Robert Ward, 

Chief Veterinary Inspector of Maryland, 

Approved: 

State Live Stock Sanitary Board, 

T. Alex. Seth, Secretary. 


To butchers and owners of glue factories and rendering works. To all receivers of 

dead animals. 


Sir: To discover each center of lung-plague infection it is necessary that every 
bovine animal dying within the quarantined district extending 6 miles outward from 
the city hall should have its lungs examined by a Government inspector. 

You are therefore ordered not to receive at your factory or works, or for conveyance 
thereto, any dead cattle, young or old, unless accompanied by a permit sighed by 
the chief veterinary inspector of Maryland, and to hold such dead cattle ’svithout 
opening them or removing any chain, lock, or tag from the carcass until such in- 
spector is present. 

Dr. Robert Ward, 

Chief Veterinai'y Inspector of Maryland. 

Approved : 

State Live Stock Sanitary Board, 

T. Alex. Seth, Secretary. 


notice to CO dealers in the BALTIMORE DISTRICT. 

A ll persons dealing in cows or other cattle within the Baltimore quarantined dis- 
trict, extending 6 miles in all directions from the city hall, must reserve their 
stables for the receDtion of cattle from outside of said district. Cattle from healthy 
districts may be moved to the dealers’ stables upon procuring the necessary permit, 
and may then by permit be moved to the stables of the buyer, but they can not again 
be moved from '^stable to stable. Cattle dealers wishing to trade fresh cows for fat 
or dry ones will be granted permits to take such fat or dry cows direct to slaughter, 
or to the quarantine pens at the State scales, but not to their own stables. 

Peddling cows is strictly prohibited. 

Dr. Robert Ward, 

Chief Veterinary Inspector of MarylaUd. 

Approved : 

State Live-Stock Sanitary Board, 

T. Alex. Seth, Secretary. 

The work of the Bureau in Maryland is ^ ressiifg very satisfac- 
torily under these regulations. The State veterina,rian and the live- 
stock sanitary hoard have :o-operated very ,cordia|ly in enforcing 
them, and have done mia’ L to secure their efficiency. ^ No bovine 
animal can he moved from or to any premises in tiie city of Balti- 
more without having been inspected by a veterinarian in the employ 
of the Bureau; every cow that dies in any herd in that city is known 
to these inspectors and is examined as to the cause of its death; every 
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bovine animal in that district is numbered^ and its number a,nd tbe 
herd to which it belongs. is recorded. It is impossible, therefore, for 
- the disease to exist in a herd for anv considerable time before its 
presence there is detected. 

About all of the old infected herds have been destroyed, ajid the 
cases which are novf found are due to recent infection. Such cases 
are becoming fewer, and it is believed that this decrease will continue 
and become more apparent with each month in the future. 

From January 1 to December .31, 1887, there were inspected in 
Maryland 5^704: herds, ccaitaining 57,858 head of cattle. Fost-inoriem 
examinations were iiiatlo on 2,78s animals, of Yfliich 1,137 were found 
to be affected with pleui'o-pneumonie. The total number of stables 
disinfected was 115. The niiiiToer of animals affected with pleuro- 
pneumonia slaughtered in Maryland since July 1, 1886, is 1,412, and 
of exposed animals (all slaughtered since March 3, 1837), 1,504, making 
a total of 3.000. The owmers received from the Department as com- 
pensation for the diseased animals $33,759.01, an average of $2>?.41 
per head; for the exposed animals tlioy received $41,397.71, an aver- 
age of $20.40 per head. 

The toted expenses in Maryland in thc‘ work of suppressing pleuro- 
pnenmonia from July 1, 1880, to December 31, 1887, were 8105,883.81. 
Of this sum $75,156.72 was paid as compensation for slaughtered 
cattle. The iniscellaiieous expenses, including disinfection, locks 
and chains, tags, record bpoks, etc., were 81,170.10. Traveling ex- 
penses amounted to $9,43i).49. The total amount paid for salaries 
was only $20,120.44. The amount paid for cattle was to aJl other 
expenses as 1-to 0.41. 

We have, with the expenses in illinois and Maryland, two extremes 
in tlie proportion of the amount paid for cattle to that paid for all 
other purposes. Tlie reason for the large relative expense foi* sala- 
ries in Illinois has been given. The reasons for the small relative 
expenditures for salaries in Maryland are the large number of a-ffected 
herds in Baltimore County, which made it easy to find great num- 
bers of affected and exposed cattle; the fact that the work of slaugh- 
tering has been continued without intermission, there being no 
period of investigation covered before the slaiighterixig began or after 
it was finished; the small size of the force, which for the most of the 
time has been insufficient to properly control the movement of cattle. 
The last reason mentioned was due to the authority given by the 
State not being sufficient to allow the supervision of the movement 
of cattle until after November 10, 1887, and, consequently, it would 
have been a waste of money to increase the force. Since the order 
of November 10 was made the number of men employed in Maryland 
has been largely increased, and the relative expenditure for salaries 
and other expenses will soon be greater than for cattle; but the effi- 
ciency of the work ha*^! boon greatly improv^ed, and the extirpation 
of the disease will cost less money than if the work were done with 
a smaller force. 

A relatively exi^enditiire for salaries is therefore no indica- 

tion either of the efficleiicy or the economy of the work for the sup- 
pression of pleiiro-pneurnoTiia. A¥e might have gone on for years in 
Maryland with twice the expenditure for cattle that was made for 
all other purposes, but while the prevalence of the plague could have 
been diminished the contagion could not have been eradicated. To 
accomplish this result, men must 1;C‘ cm] Joyed to watch the move- 
rhent of ^Tlo, and to give permits by wiiich they can be traced, to 
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guard the stock-yards and other cattle markets, and prevent the en- 
trance- of diseased animals, to make post-mortem examinations on all 
animals which die or are slaughtered from the infected district, to 
investigate all reported outbreaks of disease, and to disinfect all 
premises where the contagion has existed. This system is undoubtedly 
expensive in the way of salaries, but it is the only way to eradicate 
the plague, and in the end it is far more economical than any attempt 
to control the disease with an inadequate force. 

NEW JERSEY. 

In New Jersey the Avork has been steadily progressing. The State 
is believed to be free from pleuro-pneumonia, with the exception of 
Hudson County and possibly one or two other adjoining counties. 
The country districts have been cleared of the contagion wherever 
it has been discovered. The regulations are noAv being made and 
the force organized to establish quarantine and complete control of 
the movement of cattle in Hudson County, and particularly in Jer- 
sey City. So far as our information goes, this is the only county in 
which there remains any considerable amount of disease. 

From January 1 to December 31, 1887, there Avere inspected in New 
Jersey 1,428 herds of cattle, containing 16,461 animals. Post-mortem 
examinations were made on the carcasses of 248 animajs, of which 
113 were found affected AAuth pleuro-pneumonia. The total number 
of animals slaughtered in NeA\" Jersey because affected with this dis- 
ease Avas 94, and the number slaughtered for exposure Avas 117, mak- 
ing a total of 211. The owners received from the Department as 
■ compensation for the diseased animals §2,275, an average of $24.20 
per head; and for the exposed animals $3,216, an .average of $27.48 
per head. 

The total expenses in New Jersey for the suppression of pleur^ 
pneumonia have been, to December' 31, 1887, $12,146.03. Of this 
sum $5,491 was paid as compensation for slaughtered cattle. The 
miscellaneous expenses Avere $199.33; the traveling expenses, $1,813.43, 
and the salaries, $4,642.27. The amount paid for cattle was to all 
other expenses as 1 to 1.2. 

NEW YORK, 

During the year the tAVO interior counties of Washington and Dela- 
ware were found to be infected with pleuro-pneumonia, and although 
the contagion had been introduced into a considerable number of 
herds it was promptly eradicated. Very much more of the disease 
has been found in Westchester County than was anticipated, and 
more work has been done there than elseAvhere in the State. Super- 
■ vision has been maintained, however, in New York and Nings Coun- 
ties, and a number of diseased herds were slaughtered in each. After 
the withdrawal of Prof. James Law from Chicago,- or about Decem- 
ber 1, he was placed in charge of the work of the Bureau of Animal 
Industry in the whole State, By orders of the governor of New 
' Work it has been possible to maintain quarantines and to establish 
all necessary regulations for the extirpation of the disease. These 
orders are as follows: 

[Order.] 

State op New York, Executive Chamber t 

In pursuance of the authority vested in me as governor of the State of New York 
by chapter 134 of the laws of 1878, entitled “An act in relation to infectious and 
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' contagious diseases of animals,” I do hereby prescribe the following regulations for 
the suppression of contagious diseases among domestic animals and the i^revention 
of the spread 6| the same : 

The local boards of health throughout the State shall report to me at once the 
breaking out of any contagious disease among the domestic animals in their re- 
spectiye districts, and especially of contagious pleuro-pneumonia among cattle. 
They shall likewise notify at the same time the chief inspector of the Bureau of 
Animal Industry of the United States at Washington, D. C., of the appearance of 
contagious pleuro-pneumonia. 

When contagious pleuro-pneumonia exists in any portion of the State of New 
York the Bureau of Animal Industry of the United States will take charge of the 
work of suppressing the disease and preventing its spread, as provided by chapter 
155 of the laws of 1887, entitled “An act to co-operate vrith the United States in 
the suppression and extirpation of pleuro-pneumonia.” 

The inspectors of the said Bureau of Animal Industry shall place in quarantine all 
animals affected with contagious pleuro-pneumonia or that have been exposed to 
contagious pleuro-pneumonia, and all premises infected or believed to be infected 
witji the contagion of said disease. All persons are hereby prohibited from moving 
quarantined animals from the premises where quarantined, and all persons are pro- 
hibited from placing on said j)remises or among said animals quarantined apy 
healthy animals of the kind among which the contagion of said disease exists. 

Whenever the chief inspector of Animal Industry finds that contagious pleuro- 
pneumonia exists among the herds in any county of this State, and believes there is 
danger of its spreading to other counties, he shall give notice of the existence of 
said contagion in a county by publication once a week in at least one newspaper 
published in said county, and warn all persons from moving any animals of the kind 
diseased to any other county of the State. He shall likewise notify in writing an 
agent of each transportation company doing business in said county, and warn said 
company from transporting any animals of the kind diseased from said county to 
any other county in the State without a permit from an inspector of the Bureau of 
Animal Industry. All persons are hereby prohibited from driving or transporting 
by rail or water or vehicle of any kind, or offering for shipment, any animal of the 
kind diseased from any county in which contagious pleuro-pneumonia is declared to 
exist by the chief inspector of the Bureau of Animal Industry, in the manner 
herein provided, to any other county in the State; provided, however, that anirnals 
may be transported to other counties when a permit is given therefor by an inspector 
of the Bureau of Animal Industry. 

' All railroads doing business in a county infected with contagious pleuro-pneumonia 
shall cause their stock-yards, pens, and stock-cars to be cleansed and disinfected in 
such manner as may be directed by an inspector of the Bureau of Animal Industry, 
and under the supervision of said inspector. 

Given at the capitol in the city of Albany, this 10th day of A.ugust, in the year of 
our Lord 1887. 

[l. s.] David B. Hill. 


By the governor : 

William G. Rice, 

Private Secretai'y. 


[Order.] 

State of Nev/ York, Executive Chamber: 

In pursuance of the authority vested in me as governor of the State of New York 
by chapter 134 of the laws of 1878, entitled “An act in relation to infectious and 
contagious diseases of animals,” I do hereby prescribe the following supplemental 
regulations for the suppression of contagious diseases among domestic animals and 
the prevention of the spread of the same : 

- Whenever the chief inspector of the Bureau of Animal Industry shall have given 
notice as required by executive order of August 10, 1887, of the existence of coiv 
tagious pleuro-pneumonia, or of the existence of the contagion of that disease, in any 
county of this State, it shall thereafter be lawful for said chief inspector, in his dis- 
cretion, to cause all neat cattle in such county to be numbered, tagged, and registered, 
and all persons are hereby prohibited, after notice given as aforesaid, from moving 
any such cattle, or allowing any such cattle to stray from any place or premises to 
any other place or premises, and from allowing any such cattle to be upon any high- 
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way or upon any uninclosed land without a permit duly issued ^nd signed by an in- 
spector of the said Bureau, and from and after notice given as aforesaid all persons 
keeping cattle in any such county are hereby required to give immediate notice to 
an inspector of the said Bureau of the sickness or deatii of any cattle belonging to 
them or in their possession, and also of all births that m qy occur in their herds and 
of all other additions thereto, and from and after notic<3 given as aforesaid all per- 
sons are hereby prohibited from offering or receiving within any such county any 
cattle for transportation or removal in any manner whatever, and from transporting 
any cattlp in any manner, whether from any place in such county to another place 
within the county or to a place out of the county, without a special permit duly 
issued and signed by^ an inspector of tlie said Bur(‘an. 

Given at the capitol in the city of Albany, this 8th day of Decemb(-r, in ttie year 
of our Lord 1887. 

[l. s.] Day in B. Hill. 


By the governor : 

William G. Rice, 

lYivatc Secretary. 

■ A force has just heeii organized in the comities of Westchester, 
New York, Richmond, Kings, and Queens suthcient]^ large to tag and 
register all bovine animals in these counties. The. cattle have been 
quarantined and all movement prohibited unless a permit is first ob- 
tained from an inspector of this Department. This system is now 
(January 26) beginning to work smoothly, and within the liext week 
or two the whole district will be under thorough supervision. 

From January 1 to December 31. 1887, there were inspected in New 
York 1,511 herds of cattle, containing 25,1122 animals. Post-mortem 
examinations wei’c made upon 1,317 animals, and of these 417 Avere 
found to be afiocted with pleuro-pnoumonia. The total ]iumber of 
animals slaughtered in isew York because affected- Avith this disease 
was 266, and the number slaughtered for exposure Avas 736, ma.king 
a total of 1,002 head. The OAvners receiA^Ovd from the Do|)artment as 
compensation for the diseased animals $6,317.25, an average of $23.75, 
per head; and for the exposed animals $15,577.41, an average of $21.16 
per head. 

The total expenses in New York for the suppression of plenro-pneu- 
monia have been, to December 31, 1887, $30,632.49. Of this sum 
$21,894.66 was paid as compensation for slaughtered cattle. The 
miscellaneous expenses were $156.05; the salaries, $6,036.85; the trav- 
eling expenses were $2,544.03. The anionnt paid for cattle was to all 
other expenses as 1 to 0.39. 

In Nov/ York the Avork has been under substantially the same con- 
ditions as in Ma-ryland, with maity large herds infected and these 
easily found, and until recently without any attempt to supervise all 
movement of cattle within the infected counties. The relation of 
the different items of expenditure was also very much the same in 
the tAvo cases. 

In New York there has been a market for the carcasses of exposed 
animals, and therefore the compensation paid for such animals was 
less than for the diseased ones. In New Jersey the law is such that 
it is, as a rule, impracticable to utilize the carcasses of exposed cattle, 
and hence the average compensation for these has been greater than 
for the diseased ones. Taking these variable conditions into consid- 
eration, it AAull be observed that the various items of expenditure 
correspond quite closely in the different States, 
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To increase the facility of comparison the following table is added: 

Table shoiving the wprk of the Bureau of Animal Industry for the suppression of 

pleuro-pneumonia.^ 


\ 


1 

Illinois. 

Maryland. 

New 

Jersey. 

New York. 

T(Aal a id 
; average. 

i 

' inspected 

7,411 

5.704 

1,428 

1,511 

16,054 

tic ii)3pcctcd 

S4, 059 

57, 858 

16,401 

25, 122 

123, 500 

examinatioriM 

i 7,267 

2,7s8 

248 

1, 347 

11,650 

Fou/iil diseased on posi-moriem 

i)i:-v:}ased cattle slaughtered with com- 

1 350 

1 

1,137 

113 

' 447 

2,047 

i'fenya tiori 

Expostnl cattle slaughtered with com- 

1 

1,442 

94 

260 

1,974 

pensation. 

1 87'0 

1,564 

117 

736 

3,287 

Total compensation for diseased cattle . . 

S3, 179. 53 

$33, 759. 01 

$2, 275. 00 

$6, 317. 25 

$45, 530. 79 

Average compensation for diseased cattle 

$18. 42 

$23'. 41 

$24. 20 

$23. 75 

$23.06 

Total compensation for exposed cattle . . . 

$14,153.21 

$41, 397. 71 

.$3, 216. 00 

$15, 577. 41 

$74,344.33 

Average compensation for exposed cattle 

$16. 27 

$20. 4() 

.$27'. 48 

$21. 16 

$22. 61 

Salary expense 

$49, 107. 71 

$20, 126. 44 

$4, 642. 27 

$6, 030. 85 

$79, 913. 27 

Traveling expenses , .......... 

$3, 598. 99 

$9, 430. 49 

$1,813.43 

$2, 544. 03 

$17,386.94 

Miscellaneous 

$3, 952. 52 

$1,170. 16 

$199. 33 

$156. 95 

$5, 478. 96 

Total 

Ratio betv/e'cTi am.ount paid for cattle 

$73,991.96 

$105, 883. 81 

$12, 146.03 

$30, 632. 49 

$222, 654. 29 

and all other exoenses ................. 

1 : 3.3 

1 : 0. 41 

1 : 1.2 

1 ; 0. 39 

1 : 0.85 


* The slaughter of affected cattle and expenses in Maryland are from July 1, 1886. The salaries, 
traveling, and miscellaneous expenses in Illinois are from September 1, 1886. AH other items are from 
January 1, 1887, and all are brought up to December SI, 1887. 


DISTRICT OF COLUMBIA. 

It was known that pleuro-pneninonia existed to a considerable ex- 
tent in the District of Columbia within the last three or four years, 
but the inspections and supervision of the inspectors of the Bureau 
of Animal Industry, together wdth the activity of the health depart- 
ment, led to its disappearance. To determine definitely as to whether 
the contagion was still affecting any herds, the Commissioners of the 
District, at the request of the Commissioner of Agriculture, issued 
an order authorizing the inspectors of the Bureau to make an exam- 
ination of all cattle in the District. The inspectors were at once 
placed in the field, and have gone over the whole District, examining 
carefully all the^ cattle that were found. Their reports show the in- 
spection of 798 herds, containing 3,268 animals, in none of which 
• was pleuro-pneumonia found. As a careful inquiry has also been 
made in the counties of Maryland which adjoin the District without 
discovering the plague, it may be safely concluded that this section 
is now free from it. 


VIRGINIA. 

A' thorough insijection has also been made during the year iii those 
parts of Virginia where pleuro-pneumonia has been reported in past 
years. The inspections covered the careful examination of 3,753 
head of cattle contained in 353 different herds. In none of these was 
the plague discovered. . 

Within a few days a large herd has been reported as affected, and 
a single post-mortem examination indicates that the disease is pleuro- 
pneumonia, though a further investigation will be made before a 
decision is reached. 


PENNSYLVANIA. 

The State authorities of Pennsylvania have not accepted the rules 

and regulations, of the Department of Agriculture, nor have they 
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agreed to co-operate with, the Department far- the suppression of 

E reuro-pneumonia. They have, however, expressed a willingness to 
ave the inspectors of the Department make an investigation of 
alleged outbreaks of the disease, and of its prevalence in any part of 
the State. Two inspectors were detailed for such investigation in 
the month of October, 1887, and have been steadily at work there 
since that time. They have found no herds affected with the plague 
except such as were known to the State authorities, and there are at 
this time but very few of these. 

There has been much anxiety felt in many parts of the country in 
regard to the existence of pleuro -pneumonia in Pennsylvania. It 
would appear from the official information obtained by this Depart- 
ment that the extent of the disease in that State has been greatly 
overestimated. Unfortunately, the authorities in charge of this work 
in Pennsylvania have opinions as to the measures necessary to erad- 
icate the disease which are not shared by the authorities of other 
States, or by the majority of the veterinary profession. They not 
only practice inoculation, but they siDare those animals which are 
mildly affected, and after the ordinary period of quarantine allow 
them to mingle again with other cattle and to be sent to the markets 
of that or other States. Such inoculated and convalescent cattle are 
almost universally regarded as dangerous and capable of communi- 
cating the contagion to -others for an indefinite period. So much 
alarm has been expressed because of the danger of the plague being 
spread by these cattle that the Department has offered to purchase 
and slaughter without cost to the State all exposed animals which 
the local authorities were unvrfilling to destroy at State expense. A 
favorable reply was made to this proposition, but no action has been 
taken on it, and I learn that it is proposed to soon release from quar- 
antine the affected herds at Frankford, in which it is alleged there 
still exist chronic cases of the malady. 

It would appear from these facts that there should be some pro- 
vision in the national law which would enable this Department to 
protect other States in such cases more perfectly than is at present 
possible.. * 


MASSACHUSETTS. 

Early in the year the discovery of cases of acute pleuro-pneumonia 
was reported from Boston, and the Department was requested by the 
governor to assist the State board in investigations as to its preva- 
lence and in the enforcement of measures for its eradication. In- 
spectors were at once sent there, who found that the affected animals 
had recently been shipped there from Buffalo, IST. Y., and it appeared 
that they had either come to Buffalo from Chicago or liad mingled 
there with cows from Chicago. A thorough inspection and super- 
vision of the dairies about Boston was kept up for several months, 
and particularly of the herds in which had been introduced those 
animals which came in the same car with the affected ‘ones. F ortu- 
nately but few cases occurred, and it was only found necessary to 
destroy a very small number of animals. 


* Since the writing of this report the authorities of the State of Pennsylvania 
have signed an agreement for co-operation with the Bureau of Animal Industry. 
Inoculation will be no longer practiced, and all diseased and exposed animals will 
be slaughtered as soon as discovered. 
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CONNECTICUT. 

The authorities of Connecticut have also failed to accept the rules 
" and regulations of the Department, partly, no doubt, because there 
has been but very little pleuro-pneumonia in the State. There is 
now one affected herd in quarantine, and one other that is quaran- 
tined as suspicious. Correspondence is now in progress in reference 
to the affected herd and it will probably be purchased and slaugh- 
tered by the Department within a short time, 

CONCLUDING REMARKS. 

The progress of the work for the extirpation of pleuro-pneumonia 
during the last year has been extremely satisfactory. This disease 
has been eradicated from Illinois, from two counties in New York, 
from two counties in New Jersey, and from three counties in Mary- 
land. It is now almost, if not quite, confined to five counties in 
New York, two, counties in New Jersey, and one county in Mary- 
land, in all of which active work is in progress. There are outside 
of these counties one herd in Connecticut, twQ herds in Pennsylva- 
nia, and one herd in Virginia believed to be diseased and Avhich are 
in quarantine. 

Compared with the situation when the Bureau of Animal Indus- 
try was established, the present condition is certainly very reassur- 
ing. In 1884 pleuro-pneumonia existed in two counties in Ohio, in 
five counties in Illinois, one county in Kentucky, and early in 1885 
in one county in Missouri. At that time or since it has existed in 
one county in Massachusetts, eight counties in New York, seven 
counties in New Jersey, one county in Delaware, five counties in 
Maryland, two counties in Virginia, and in the District of Columbia. 
It has also existed in several counties in Pennsylvania, in reference 
to which the Department has not complete information. The work 
necessary to eradicate the disease in W estchester County, N. Y. , and 
in Baltimore County, Md., has probably been more than half com- 
pleted in each case. 

In the counties of New York, Kings, and . Queens, in the State of 
New York, and in Hudson County, N. J. , there will be a large amount 
of very expensive work to do. There is every reason to believe, 
however, that this work can be practically completed and the plague 
exterminated by the end of the next fiscal year, if it can be carried 
on under the same authority and with no greater obstacles than have 
been encountered up to this time. 

Owing to the apprehension existing as to the danger of pleuro- 
pneumonia being disseminated by cars in which diseased cattle had 
been transported, the following circular in reference to disinfection 
was prepared and sent to transjjortation companies, and has been 
very generally observed : 


U. S. Department of Agriculture, 

Commissioner’s Office, 
Washington, D. C.yMay 31, 1887. 

To the managers of all railroads amcl transportation companies in the United States: 

Your attention is called to the fact that contagious pleuro-pneumonia exists among 
cattle in the States of Illinois, Maryland, and New York, and that the infected dis- 
tricts in said States have been duly quarantined by tiie Department of Agriculture - 
in the manner provided by the act of Congress of May 29, 1884, establishing the Bureau 
of Animal Industry. 
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The existence of this contagious disease in such important cattle centers as these 
States is a danger so menacing to the cattle interests of the United States that it 
calls for the most prompt, thorougli, and energetic measures that can be taken, not 
only by the National G<c, emment, but also by all iDarties interested in the preserva 
tion of tiie great cattle industry of the country. 

No persons class of persons are more interested in the safety and gi'owth of this 
industry than dsportation companiys, who derive a very large proportion of their 
earnings from shipment of cattle and their products, and none should be more 
active and energenc in enforcing such measures as are necessary to stamp out this 
disease and pre\ ent its possible spread. 

The insidious character of this disease, its easy and imperceptible propagation by 
contact with animals having the germs*of disease and giving no outward symptoms 
of its presence, the contraction of the plague from infected cars, tiie S[)n3ading of the 
germs by means of manure carried in uncleansed cars from place to phice, ail make it 
a matter of grave concern, and render it necessary that stringe]it n:ieasures should be 
adopted to protect the cattle interests of the country from this great evil. 

I have, therefore, to suggest and to request that all transportation companies shall 
establish on their i-espective lines a rule, and see that it is rigidly enforced, that all 
cars that have carried live sto<’k sliall be tiioroughly cleansed on tlie discharging of 
their freight, mid not ahowed to leave the freight or stock yards before this is done. 
Also that the said i.‘ars shall he carefull_y disinfected in the following manner: 

(1) Remove all litter and manure. 

(2) Wash the car with water thoroughly and until clean. 

(3) Saturate the walls and doors with a solution made by dissolving 4 ounces of 
chloride of lime to each gaflon of water. Stock-yards and pens should lie cleansed 
and disinfected at least once a week. 

Transportation companies having connections with infected districts s oiild re- 
quire parties offering cattle for shipment to present, at point of loading, affidavits 
of t'he owner and two disinterested persons, stating that the cattle to be shipped 
Jiaye been known to affiants for at least six months next preceding, and tliat the 
said cattle have not been in any of said districts and have not come in contact with 
any cattle from said districts. Said affidavits should be attached to and accompany 
the way-bill to point of destination. 

As several very extensive outbreaks of pleuro-pneumonia have recently been 
traced to cattle that had l^eeii shipped from infevted districts a considerable distance 
by rail, the necessity of these precautions can not be overestimated, and if enforced 
they would be a material safeguard against the spread of this disease. 

Railroad companies can be of the greatest assistance to the Bureau of Animal In- 
dustry in its work of extirpating pleuro-pneumonia, if they will co-operate with it 
and assist in maintaining the rules and regulations prescribed by me on April 15, 
1887, and the quarantine orders since made. 

I hope this support and assistance will be cordially given. 

Very respectfully, 

Norman J. Colman, 
Commissioner of Agricultm^e. 


INVESTIGATION OF REPORTED DISEASES, 

V 

A great immber of investigations have been made during the 
year to determine the nature of diseases supposed to be contagious, 
Special attention lias been given to outbreaks of disease among cattle 
in which the symptoms at all resembled those of pleuro-pnenmonia. 
While requests for such investigation have been more numerous 
from the States where lung plague is known to exist, they have by 
no means been confined to sncli sections, but have come frerm all 
parts of the country. It is hoped by such inquiries that the Depart- 
ment may receive early information of any fresh outbreaks of pleuro- 
pneumonia which occur, and in case of other maladies may be able ' 
to give directions of value for the treatment and prevention. It has 
been discovered by these investigations that there are a number of 
diseases affecting the live stock of the country which have been 
hitherto nndescrihed, or about which but little is known. Such dis^ 
eases are taken up and studied from a scientific standpoint when- , 
ever an opportunity is offered. 
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CO-OPERATION TO PREVENT LOSSES, FROM SOUTHERN FEVERi 

The losses from "Southern fever, or so-called Texas fever, became 
so heavy in the Western States and Territories that most stringent 
local qnarantines \yere adopted, which, since 1885, have threatened 
to entirely destroy the trade in cattle that had previously found an 
outlet in this direction. The prosperity of the Southwest, and par- 
ticularly of Texas, is so dependent, under existmg conditions, upon 
an outlet for cattle as unrestricted as is consistent with the safety of 
stock in other States, that particular attention has been given to this 

J OC^' 

An investigation v as first made as to the parts of Texas from which 
animals were capable of carrying* tue virus of this disease, and it was 
demonstrated that there is a large section in that State from which 
cattle may be taken without danger, as theA^ are incapable of dissem- 
inating this malady. There should consequently be no restrictions 
placed upon cattle from that district. ^ 

Two agents of the Bureau of Animal Industry have been em- 
ployed to co-operate both with the shipjiers and drivers of_ cattle in 
Texas and with the authorities of those States and Territories to 
which these animals were taken as store cattle, in order to facilitate 
this traffic and prevent losses from it. No quarantine regulations 
have been made by the Department in connection with this disease, 
but the aim has been to furnish full information to both parties and 
to endeavor to maintain harmonious relations between them. The 
agents of tJie Bureau were able to show that certain herds of cattle 
came from parts ol Texas wffiere iio infection existed, and these 
were coiiseqiieiitl'' admitted to their destination without quarantine. 
Other herds from ihe infected district were shown to have been out- 
side of that district for more than ninety days, and as this is about 
the limit of time the infection can be carried, these also could be sold 

without restriction. • i i i . • 

On the other hand, full information was furnished to shippers in 

Texas of the quarantine restrictions in other parts of the couhtry, 
and they w^ere advused as to what cattle could be safely shipped and 
which ones should be held. In this way both the losses from dis- 
ease and from unexpected quarantine were reduced to a minimuin. 

This enormous interstate commerce in cattle from Texas is still in 
,a precarious condition, and should have the caTeful supervision of 
the hlational Government to protect it from unjust local restrictions, 
and to so regulate it that other States will be protected as far as pos- 
sible from loss by disea.se. , 

The losses which have occurred from Southern fever during the 
past year have been mostly caused by Southern cattle shipped for im- 
mediate slaughter — a class of cattle which are allowed by. the miimal 
industry law to be shipped for this purpose without other restrictions 
than that they shall only be unloaded in transit for food and water. 
Such animals are transported in the same cars and placed in the 
same pens in stock-yards that are used for ISTorthern cattle, and the 
result is that many of the latter are infected and die. This loss occurs 
among cattle which are sold at the stock-yards for leeding pur]:>oses, 
and has become so serious that farmers can no loiiger purchase 
safety such feeders at the larp;e stock-yards during* tlio summer and 
early fall months. 

The. transportation and stock-yards companies should set apart 
certain cars and certain lanes and pens to be used exclusively by 
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cattle from the infected districts of the country, and in this way the 
losses from this disease, which are now very heavy, might be almost 
entirely prevented. 

SCIENTIFIC INVESTIGATION OP DISEASES. 

For a mimber of years a scientific investigation has been conducted 
by this Bureau of the Department into the nature of the more im- 
portant contagious diseases of animals. Since this investigation was 
begun the ideas of the medical profession in regard to such diseases 
have been revolutionized and a new science has been built up. The 
work done here has been equal in scientific accuracy to that done in 
any part of the world, and has added much to this department of 
knowledge. 

More attention has been devoted to the study of hog cholera than 
other diseases because of the heavy annual losses which it causes. 
These investigations show that there are two distinct diseases which 
are popularly spoken of as hog cholera. The germs of these diseases 
have been isolated and studied, and we know the conditions under 
which they can exist and multiply outside of the’ animal, and how 
they can be destroyed in such situations. This is a long step in ad- 
vance, and it makes our knowledge of these maladies equal to that 
which has been acquired with the best studied diseases of people. 
True, we have discovered no medicine that will act as a specific and 
cure the plague, but the same may be said in reference to the con- 
tagious diseases of mankind. The value of such work must be found 
principally in the methods of prevention which it suggests and makes 
possible, and which are really of much more value than any method 
of treatment could be. 

With hog cholera we find that lime is a most efficient disinfectant, 
and that by its use in very limited quantities the contagion may be 
destroyed in water, in organic accumulations, and in the soil. Other 
. methods of prevention, including inoculation and various proposed 
forms of treatment, have been tested without satisfactory results. 
There are several promising lines of investigation stiU unstudied, 
which will be taken up as rapidly as possible. 

The scientific investigations of the contagious diseases of animals 
should be extended and made to cover a wider field than is now pos- 
sible, both for the importance of preventing these diseases and the 
light which such investigations throw upon the plagues which affect 
mankind. There are many diseases which should receive a most care- 
ful study. Among these the most common are anthrax, glanders, 
and tuberculosis, the germs of which also affect people, and which, 
on that account, we have hesitated to study very extensively in the 
Department building where so many persons are employed, and 
where there are no facilities for safely disposing of the contagious 
material. The present laboratory is in the garret and can not be 
made suitable for this kind of work. For this reason the investiga- 
tions have progressed slowly, and many which should have been 
prosecuted have not been undertaken. There is no more promising 
field of scientific investigation than this, and none in which there is 
an opportunity to achieve results of more value to our people. 

INVESTIGATION AS TO THE CONDITION OF THE ANIMAL INDUSTRY. 

Under this part of its duty the Bureau has each year taken up one 
or more lines of investigation that have not been elucidated by the 
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general census returns or by tbe reports of the Statistician of the De- 
partment. During the past year a very thorough inquiry has been 
made as to the number and value of the thorough-bred cattle of dif- 
ferent varieties in the United States. A separate study is now being 
made of the sheep industry, its condition, the methods by which it is 
coxxducted in the various sections of the country, and the means by 
which it can be improved and made more profitable. 

The investigations of this character have been made in a compara- 
tively inexpensive manner by the appointment of one or two agents 
having special knowledge of the subject. The results obtained in 
the past have been accurate and of very great value. 

CLERICAL WORK OF THE BUREAU. 

Since the passage of the appropriation act for the current year the 
clerical work of the Bureau has greatly increased. There has been 
a large correspondence from all sections of the country in reference 
to outbreaks of disease, and requesting copies of reports or informa- 
tion on special subjects connected with stock-raising. 

It has also required much labor to make a record of the reports of 
all the different employes and to supervise their work and expendi- 
tures. This work has been organized as rapidly as possible and sys- 
tematized, so that it is done with a minimum number of employiis. 

The details of the work of this Bureau are published in annual re- 
ports, which show the work done and the information obtained dur- 
ing the year. There is, however, an increasing demand for special 
reports on various subjects, which shall collect and summarize all 
attainable knowledge bearing on the particular subject treated. It 
seems to me very desirable that such special reports on matters of in- 
terest and importance should be issued from time to time, and more 
attention will in the future be devoted to this branch of the work. 


FURTHER INVESTIGATIONS ON THE NATURE AND PRE- 
VENTION OF HOG CHOLERA. 

An extensive outbreak of hog cholera near the city of Washington 
during the months of November and December, 1887, afforded the 
opportunity of examining more carefully the condition of the lungs 
in the various types of this disease as contrasted with swine plague 
or true infectious pneumoiii a. At the same time the bacteriological ex- 
amination re-affirmed the constant presence of the bacterium de- 
scribed three years ago in genuine hog cholera and its causal relation 
to this disease. It is to be hoped that the rather stubborn and wholly 
unfounded position maintained in some quarters that there is no dis- 
ease such as hog cholera independent of swine plague will be given 
up. This is the more important inasmuch as hog cholera is a more 
prevalent and more virulent disease than swine plague. At least 
five epizootics have been observed in the District of Columbia to one 
of swine plague. In order to combat any bacterial disease it is ab- 
solutely essential that all facts connected with the life history of the 
bacteria be taken into account, and this implies the frank acceptance 
of results of investigations if the evidence has been fully and unre- 
servedly presented. 

The history of the outbreak, as far as could be ascertained, was 
briefly as follows: On October 28, there were in all 119 swine, Chiefly 
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young pigs, weighing from 50 to 100 pounds. Most of these had been 
purchased in the city markets. At this same time 20 hoar pigs were 
castrated. Within two weeks these began to die, and soon after the 
others took sick, dying at the rate of 3 to 4 a day. Less than three 
weeks after the first deaths only 67 remained out of the 119. At 
the end of the year only about a dozen were alive out of the entire 
herd. These may have acquired an immunity. 

The animals were kept in pens on the top of a low hillock, sheltered 
from the weather by large boxes. They were swill-fed, and this may 
account for their feeble resistance to the disease. In most of them 
the feeding had induced a cirrhosis of the liver, with softening of the 
parenchyma. The origin of the disease could not be traced, as the 
animals had come from various quarters. The city markets had 
proved themselves the source of disease in several purchases of pigs 
for experimental purposes. It is barely possible that the disease was 
inoculated during the operation of castration by the instruments 
used. 

The autopsy and bacteriological notes of the individual cases of 
this outbreak will be reserved for the report of the Bureau for 1887. 
A brief summary of all the cases, however, will be given> together with 
some interesting observations and deductions. 

The spleen and lungs were the only organs upon which bacteriolog- 
ical observations were made: 

In making cultures from the spleen the following method was usually adopted. 
At the autopsy the abdomen was carefully laid open by first removing the skin and 
then cutting through the abdominal muscles with flamed instruments. The flaps 
laid back brought into view the spleen not touched as yet by any instrument. It 
was then drawn out with flamed forceps, severed from its attachments with flamed 
scissors, and placed in a large bottle plugged with cotton wool and previously sub- 
jected to a temperature of 150^-160° C. for three hours. In this way it was taken to 
the laboratory, and either immediately examined or kept in the refrigerator below 65° 
F. over night. In making cultures the spleen was placed on a sterile glass support 
and the surface thoroughly charred with a red-hot platinum spatula. This was al- 
ways done, although usually unnecessary, when we consider the momentary ex- 
posure to the air in transferring the spleen from the abdomen to the bottle. It may, 
however, destroy any bacteria which have entered the peritoneal cavity through 
ulcerations since. In chronic cases, cocci resembling those of sup^ration are not 
infrequent in the peritoneal fluid. Through this charred area an incision or rent was 
made and a platinum wire or loop introduced with which a tube of gtdatine or beef 
beef finfusion was inoculated. When roll cultures were made a minute bit of spleen 
pulp was torn away from beneath the charred portion and stirred about in the lique- 
fied gelatine. From this usually a second tube was prepared. Experience of past 
' years had shown that frequently this is not sufficient to insure the fertility of the 
cultures. In chronic cases, with spleen but moderately enlarged, hog cholera bac- 
teria are found in very small numbers. In such cases, bits of spleen are cut out from 
the charred area with flamed scissors and transferred to tubes of gelatine or beef 
infusion with or without peptone. Such cultures rarely fail. It miglit be supposed 
that the chances of accidental contamination are very great in this process. But 
a long experience with spleens of healthy animals, and with organs in the study of 
other diseases, have demonstrated the entire safety of this procedure. Salmon cult- 
ure tubes, with bits of organs of healthy animals in the bottom covered by nutrient 
liquids, have remained sterile for months in the laboratory. At present the Esmarch 
tube dr roll culture is perhaps best in most cases. 

In nearly all the cases examined both liquid and gelatine cultures were made. 
The former permit a diagnosis on the following day, while the latter require at least 
two days, usually three or four, before a reliable diagnosis can be made. The cult- 
ures were always examined unstained in a hanging drop, as the bacteria in this 
way are not deprived of their power of motility, which is one of the important 
diagnostic characters. Staining cultures was frequently resorted to, but it adds little 
information to that gained by a careful examination of the hanging drop. When 
gelatine cultures were examined, the bacteria? were always mixed witti some sterile 
beef injkisicm ^ bting out their motilityi 
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In a number of cases rabbits were inoculated directly from lung tissue A small 
bit, about one-half centimeter cube, was torn up with flamed forceps in a flamed 
watch glass containing some sterile beef infusion, and the turbid fluid injected be- 
neath the skin of the thigh. The syringe used was an ordinarj^ hypodermic syringe, 
carefully disinfected by 5 per cent, carbolic acid above and below the piston for one- 
half hour, both after and before use, and each time thoroughly rinsed in boiling 
water. As hog cholera bacteria are destroyed by a 1 per cent, solution of carbolic 
acid in less than ten minutes, and by a momentary contact with water near the boil- 
ing point, the disinfection was certainly all that could be desired. This method was 
regarded as less open to criticism than the insertion of bits of tissue under the skin. 
Wt> still stand in need of a syringe which can be disinfected without much trouble, 
as the above method is extremely tedious. Both kinds of syringes devised by Koch 
are unsatisfactory. The joints formed by the glass barrel and the metal cap in the 
syringe, in which the propelling force is air, were found to leak in five out of six 
samples. 

From ^he fluid injected into rabbits either plate or roll cultures were made, in 
order to get an idea of the approximate number and the kind of organisms present. 
In every case the portion of lung tissue from which the inoculations were made 
had been transferred to sterilized bottles at the autopsy and protected from acci- 
dental contamination as carefully as possible. 

The high percentage of mortality in epizootics of hog cholera like 
the foregoing is the first thing to claim onr attention. Out of 189 
animals not less than iOO perished in the brief space of two months, or 
over 70 per cent. As no disinfection was resorted to, and no isolation 
of the healthy attempted, it is difiicnlt to say what number could 
have been saved. At any rate The above figures indicate the mor- 
tality of this disease when left to itself, and it shows that nearly all 
young animals, such as weigh between 50 and 100 pounds, are sus- 
ceptible to this disease* 

Most of the animals died rather unexpectedly. Only a compara- 
tively small number were visibly diseased some time before death. 
Since in many there was more or less ulceration in the large intestine, 
it indicates that animals may be in a very bad condition and become 
a source of infection for others without showing it. 

The swill feeding has already been mentioned as a probable cause 
of the cirrhosis of the liver observed in so many of these animals. 
This organ was tough and imparted a gritty sensation to the hand 
when cut. n le parenchyma was softened and degenerated. It seems 
reasonable to suppose that this chronic malady may have made the 
herd far more susceptible to the disease^ and more especially to the 
acute hemorrhagic type. 

Hemorrhagic lesions . — At least one-third of the cases examined 
showed lesions of a hemorrhagic character. The most common 
was an infiltration of the cortical portion of lymphatic glands with 
blood ; sometimes the entire gland appeared hemorrhagic on section. 
As regards the relative frequency of this condition, the bronchial, 
posterior mediastinal (aortic), and inguinal glands stand first; next 
the retro-peritoneal, meso-colic glands, and those in the lesser curva- 
ture of the stomach. ' The mesenteric glands were rarely affected. 
Accompanying this condition of the lymphatics is usually a very 
large spleen^ its great size being simply due to an engorgement with 
blood. 

ISText in frequency were the hemorrhagic lesions of serous mem- 
branes ill the form of punctiform extravasations, larger ecchymoses, 
and very rarely of collections of blood infiltrating the muscular lay- 
ers beneath the serous membrane. These extravasations are most 
frequent on the auricles and ventricles of the heart, under the serosa 
of the large and small intestines, beneath the pulmonary ])lcurriu and 
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in the subcutaneous tissue. In the severest cases blotches appeared 
on the diaphragm and costal pleura. In about 10 per cent, the 
kidneys were hemorrhagic. Usually the glomeruli appear as minute 
blood-red points. To this may be added hemorrhages in the pyra- 
mids and extravasations collecting around the papillse. 

The mucous membrane of the stomach in hemorrhagic cases is, as 
a rule, deeply reddened in the fundus, or else there is hemorrhage 
into the membrane, more rarely on the surface. The mucosa of the 
small intestine is usually intact, but that of the large intestine in the 
acute form of the disease is in the same condition as the stomach. 
In older cases, when not covered with ulcers, it is either pigmented 
or dark red , chronically congested. This outbreak was characterized 
by hemorrhagic lesions more than any other which we have exam- 
ined. Our experience has been that the early cases are hemorrhagic 
and are succeeded by those in which ulceration, cellular infiltration 
of the lymphatics, and marantic conditions, such as serous effusions, 
predominate. In some of the animals in this outbreak there were 
most extensive hemorrhages. In one the mucous membrane of the 
stomach was separated from the muscular coat by an extensive clot 
one-half inch thick. In five cases (10 per cent.) the lungs were the 
seat of extensive hemorrhages, which literally converted the most de- 
pendent lobes into a blood clot and filled the pleural sacs with blood- 
stained serum. In a variable number both peritoneal and thoracic 
cavities contained much blood-stained serum. 

Ulcerative lesions . — Ulcers of the large intestine were present in 
36 out of 49 cases, or 70 per cent. They varied from very slight to 
very severe and extensive lesions, involving in a small number 
nearly the whole mucous membrane of the csecum and colon. The 
rectum was quite invariably free from disease. The age of the ulcers 
can not be determined, as the process of necrosis and subsequent 
ulceration seems to vary very much in rapidity. In a few cases it 
was not limited to the mucous membrane, but extended into the mus- 
cular wall, producing considerable local inflammation and thickening 
of the serous membrane. In rare cases the necrosis and cellular in- 
filtration had made the intestinal wall so friable that it broke when 
handled. When the ulceration was slight, it was frequently con- 
fined to the ileo-ceecal valve and adjacent membrane, where the mu- 
cosa is pitted with small mucous glands. The ulceration in this 
situation was accompanied by an extensive neoplastic thickening of 
the valve beneath the ulcer, indicating that the ulcer was old. In 
5 cases (10 per cent.) the lower ileum was ulcerated; the ulcers 
seemed to have no relation to Peyer’s patches. 

Very puzzling to the pathologist is the frequent combination of 
old ulceration with recent hemorrhagic lesions (about 20 per cent.). 
Is it due to an increase in the virulence of the bacteria in the re- 
cesses of the ulcer, so that when carried into the circulation they are 
able to live in the capillaries, there to multiply until the colonies 
cause necrosis of the vascular wall, or is it due simply to the intro- 
duction of bacteria into the circulation from the ulcerated region 
without any increase in virulence ? These questions are of great 
practical importance in the final solution of the problem how 
severe epidemics may suddenly arise, and seemingly from mild, 
chronic cases. 

Complications, — Peritonitis, pleuritis, and pericarditis were not 
uncommon complications, usually accompanying old ulceration. 
These may be caused by septic bacteria gaining entrance through 
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the ulcerations. In fact, cocci, closely resembling those of suppura- 
tion, are usually found in the peritoneal cavity of chronic cases. 

Lung lesions . — This epizootic was studied mainly for the purpose 
of determining the condition of the lungs in hog cholera,. W e shall 
see in the following article that swine plague is essentially a disease 
of the lungs, secondarily of the digestive tract. It may be possible 
to find some^ cases of swine plague in which the large intestines are 
primarily diseased. Thus far they have not come to our notice. 
From the facts obtained from this epizootic we may safely assume 
that hog cholera prgduces no lesions which may not be found in the 
lungs of apparently healthy animals. In other words, the lesions 
which we find there have nothing to do with hog cholera. We must 
except, however, the hemorrhages found in a small percentage of 
cases. Such are co-existent with hemorrhages in most other organs, 
and are not specific lung lesions. The lesions found on post-mortem 
exarnination were either simple collapse or lobular broncho-pneu- 
monia following it. 

Simple collapse usually involved the two ventral dependent lobes, * 
more rarely portions of the small cephalic and the principal lobes. 
The collapsed lobes, or groups of lobules interspersed among em- 
physematus lobules, appeared slightly if at all depressed. The color 
approached that of muscular tissue. In only a few instances could 
plugs be found occluding the bronchus. 

Sections made from lobules in this condition show a number of 
interesting features. The alveolar walls are crowded together in 
some places till they almost touch one another. 

Besides the fibrine there may or may not be one or several large 
cells, round, with much protoplasm inclosing a vesicular nucleus. 
The bronchi are all patent, the epithelium intact. The alveolar 
walls are not changed, nor is there any round cell infiltration to be 
seen. In circumscribed areas the capillary net-work is distended 
with blood corpuscles, while all the larger vessels are similarly filled 
with these elements. 

In the alveolar ducts there is now and then considerable fibrillar 
fibrine well brought out by W eigert’s stain. 

In about 15 per cent, of the animals examined one of the smaller 
ventral lobes was airless throughout, moderately enlarged. Viewed 
from the surface the diseased lobe is bright red, dotted with minute 
pale grayish or yellowish points of a diffuse hazy outline, each not 
more than in diameter. They are usually arranged in groups of 
four and represent the ultimate air cells filled with cellular exudate. 
The larger bronchi are also occluded. The exudate is yellowish 
white, so firm that it is possible to tear away the lung tissue with 
needles without necessarily breaking up the inclosed exudate. It 
may thus be teased out in the form of branching cylinders, becom- 
ing ’smaller and finally dwindling down to the size of a coarse hair. 
Microscopic sections reveal a broncho-pneumonia. The alveolar 
walls are beset with distended capillaries. The alveoli are filled up 
with cellular masses, fibrine appearing very rarely. In most alveoli 
the cells are large, round, with vesicular nucleus, evidently derived 
from the alveolar epithelium. In some alveoli and in the smallest 
air tubes the cell mass is so dense that individual elements can only 
be seen with dfficulty . But they appear to be identical with the 
cells just described. The process seems to be accompanied with very 


* See p. 513 for nomenclature of lobes of pig’s lung. 
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little inflammation. Tlie desquamation and proliferation goes on in 
the alveoli and smallest air tubes until they are occluded by the 
casts described. 

Of fhe 49 animals of the same herd 17 were found with collapse 
and 8 with lobular broncho-pneumonia; more than one-Jialf, there- 
fore, had some defect of the lungs. 

It might be questioned whether such lesions as those of broncho- 
pneumonia are not due to swine plague bacteria since they closely 
resemble the appearance found in many swine-plague lungs. This 
question is effectually disposed of by the inoculation of lung tissue 
into rabbits. From 16 lungs, 16 rabbits were inoculated. Of these, 
8 lungs were involved in simple collapse, 8 in broncho-pnenmonia. 
Of these 16 rabbits 4 survived; the remainder died of hog cholera. 
Of the 4 survivors 3 had been inoculated from collapsed lung tissue; 
1 from a broncho-pneumonia. It is interesting to note that of these 
rabbits, 1 died in six days, 4 in seven days, 3 in eight days, 2 in ten 
days, 1 in thirteen, and 1 in fifteen days after inoculation. Plate 
cultures from the corresponding bit of lung tissue showed a variable 
number of colonies almost invariably non-liquefying, and in many 
cases identified as hog cholera bacteria. 

These facts prove that in hog cholera the specific bacteria will find 
their way to any diseased portion of lung tissue and there multiply 
to a certain extent. In one case plate cultures from a bit of normal 
lung tissue showed but one or two colonies, while a bit of collapse 
tissue from the same lung showed a large number. There is no 
doubt that the slight exudate and feeble circulation in collapse, and 
the abundant partly cellular and partly mucous or fibrinous exudate 
into the air spaces in broncho-pneumonia, furnish a favorable nidus 
for pathogenic bacteria. These may have been carried there by the 
blood, or they may have been introduced from without. If the latter 
supposition prove true, and there are no valid objections to it, dis- 
eased lungs in hog cholera may not only become the means of dis- 
seminating the disease through the mucus and expired air, but they 
may become the channel, the weak spot, through which the virus 
enters the organism. 

To elucidate this question if possible, the following instructive ex- 
periment was made: 

Two pigs (460, 461), about ten weeks old, received into the right 
lung, December 21, each of a beef infusion peptone culture, 
two days old, inoculated from a single colony growing in a roll cult- 
ure. This had been made from a bit of spleen tissue from pig No, 46 
of the outbreak described in these pages. There were about fifty 
colonies in the tube, all alike. To test the culture a rabbit received 
at the same time one-ninth^^^^ subcutaneously in the thigh. It died 
in five days. The spleen was much enlarged, blackish, friable, and 
contained hog cholera bacteria. A roll culture contained numerous 
colonies after two days. 

No. 460 became very weak in its hind limbs in less than a week; 
respiration short and quick; bowels relaxed. It was was found dead 
on the ninth day. 

Superficial inguinal giands normal. Petechiae in the slight deposit of fatty tissue 
beneath peritoneum of abdominal muscles. Spleen about 12 inches long, wide, 
and three-fourths inch thick at the hilus, blackish, friable. A few petechiae on cor- 
tex of left kidney, one cyst the size of a large pea in medullary porpon. Large 
number of small hemorrhages in connective tissue around pelvis of right kidney. 
Two small urinary cysts not showing on surface. Glands in lesser omentum en- 
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larged, hemorrhagic throughout. In caecum and colon an almost coutinuous yel- 
low sheet of superficial necrosis about 1"^"^ thick covering the mucosa. In lower 
colon it breaks up into isolated patches simulating ulcers. In microscopic sections 
tliis layer is found to consist of necrosed epithelium with some round cells. On 
Peyer’s patches, in lower ileum, a yellow, soft deposit rests, which is not adherent 
and might be mistaken for chyle. Lobes of right lung glued together and to peri- 
cardium. Pleura thickened generally, serum very slight in amount, blood-stained. 
On lobes of left lung which are also glued together, and on right lung there is a 
very slight deposit about thick in the form of a net-work. As a rule the 
pleuritis and exudate is most marked on the most dependent portions of the lungs. ' 
Cavity of pericardium normal. I.ung tissue not hepatized anywhex*e: trachea and 
bronchi contain a small quantity of reddish fluid. Bronchial glands and those 
along posterior acuta hemorrhagic throughout. Cultures from pleural cavities, as 
well as those from spleen, contain only hog cholera bacteria. As shown in roll 
cultures they were very numerous in tlie latter organ. 

While No. 460 presented such a well-marked case, No. 461, although presenting at 
first the same symptoms, slowly recovered. The difference may have been due to 
the fact that v ith No. 460 a 6-inch needle was used, while with 461 one only 2 inches 
long. In the hitter case the chance for the passage of bacteria into the lung tissue 
and thence into the intestines was much poorer. 

This experiinent proves, (1). That hog cholera bacteria when in- 
troduced into the lungs do not produce lung disease ; (2)^ that they 
may pass from the Inngs by way of the pharynx into the digestive 
tract and there produce their characteristic effect. 

Bacteriological observations . — The preceding experiment^ on rab- 
bits and the intra-thoracic inoculation in case of the pig are suffi- 
cient of themselves to establish the fact that the bacteria described 
in the two preceding reports, and again found in this epizootic, are 
the cause of hog cholera. It may he added, however^ that out of the 
fifty-six cases (here reported) hog cholera bacteria were found in the 
spleen of all but six cases. Even in these the cultures made were 
too few to make the negative evidence of any value. 

In many cases the hog cholera bacteria were associated with a 
rather large bacillus which, for convenience sake, may be called 
butyric bacillus. This organism was only detected when a hit of 
^leen was dropped into beef infusion with or without peptone. 
The cultures kept at about 35° C. contained on the second or third 
day a cloudy mass limited to the bottom of the tube. The cloud 
was made up of bacilli, rather large, with a spore in one extremity of 
the rod, strongly refracting the light. The rod was not enlarged at 
this end in the fresh state. When dried and stained, the shrunken 
protoplasm gave the spore-hearing end a swollen appearance, re- 
minding one of the tailed bacteria of older writers. In the few 
tubes in which this bacillus alone was present the liquid itself re- 
mained perfectly clear ; when hog cholera bacteria were present it 
became uniformly hut faintly clouded. In liquid cultures without 
the bit of spleen the bacilli did not develop. This was evidently 
necessary as food material. In gelatine tubes and roll cultures the 
bacilli did not grow. Any pathogenic activity can not be ascribed 
to them. They are anaerobic organisms, probably abundant in the 
alimentary tract, which were absorbed from ulcers or hemorrhages 
into the circulation before death as spores, and their development 
kept in check until that took place, ft is also probable that they 
are important factors in the rapid changes which n. ay take place 
after death. 

In some half a dozen cases decomposition was so far advanced that 
no thorough examination was made. At first it was thought that 
the animals had been dead several days, but the person in charge erf 
the herd asserted that they had died during the night. Although 
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the temperature had fallen below 30° F., decomposition was far ad- 
. vanced. It may be that the live animals crowded upon the dead anY] 
thus kept the body warm. Yet this supposition is not capable of 
accounting for the rapid changes. The hemorrhagic lesions may 
have enabled various bacteria to become distributed throughout the 
body. The heat disengaged by them, during multiplication^ aided by 
the warmth of the litter, may have been sufficient to keep up the 
process of decomposition. This post-mortem growth may also ac- 
count for the large number of hog cholera bacteria found in many 
spleens, although the temperature of the air was, as a rule, far below 
the point where multiplication may take place. 

Buzzards may carry the disease from one place to another. When 
the dead animals were at all exposed to view they were immediately 
attacked. Whether hog cholera bacteria are entirely destroyed in the 
digestive tract of these birds can not be said, but there is nothing in 
the range of our knowledge of bacteria which will exclude the proba- 
bility that the bacteria are not all destroyed during the digestive act, 
and that they may be scattered about by these birds. Such observa- 
tions should strongly urge all jjersons who have charge of dead ani- 
mals to bury or burn them immediately, or to have them destroyed 
in some other effectual manner. 

SOME EXPERIMENTS ON THE LENGTH OP TIME DURING WHICH HOG 
CHOLERA VIRUS REMAINS ALIVE IN THE SOIL. 

The virus of hog cholera is quite tenacious of life, in spite of the 
fact that no spores are formed. In the report for 1886 it was shown 
that hog cholera bacteria remained alive in ordinary sterilized drink- 
ing water for about four months. They resisted drying under cer- 
tain conditions for nearly two months. During the past year some 
preliminary experiments were made concerning the vitality of hog 
cholera bacteria in the soil. This becomes infected during epizootics 
of this disease by the discharges of the sick perhaps more thoroughly 
than anything else in the surroundings of the animals. Moreover, it 
is the most difficult to disinfect, as we have no knowledge of the 
depths to which the living virus may be carried by water. If it can 
be shown that the life of such virus in the soil is speedily destroyed, 
the precautions to be taken would be quite different from those needed 
if the virus exists for a long period of time. 

The experiments undertaken to solve this question are not com- 
pleted, but the results thus far obtained are sufficiently definite to 
warrant publication. A more detailed account will be given in the 
forthcoming report of the Bureau. 

A small flower-pot containing soil was sterilized by moist heat and 
protected from drying and dust by a large bell jar. On its surface 
about of a bouillon peptone culture of hog cholera bacteria was 
poured and the whole maintained moist and at the laboratory tem- 
perature. The soil used was a very fine loam from the grounds of 
the Department of Agriculture. 

Roll cultures from the soil after a few days showed immense num- 
bers of bacteria. From this soil rabbits were inoculated from time 
to time by stirring up a little soil in some sterile beef infusion and 
injecting the clear supernatant liquid hypodermically. The soil was 
infected September 17, 1887. The appended table gives the inocula- 
tions into rabbits to test the virulence of the soil. The rabbits which 
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succumbed died of bog cbolera, as indicated by the lesions and the 
bacteriological examination: 


Rabbit inoculated. 

After infection of soil. 

1 

Died. 

October 10 

23 davs 

Oct(|ber 17. 
October 24. 
November 12. 
December 23. 
Remains well. 
Do. 

October 18 

31 days 

November 4 

46 days 

December 12 

2 mouths, 2 days 

January 9 


January 23 





The above table ^hows that infected soil kept moist and at a range 
of temperature from 60° to 05° F. retained its virulence for rabbits 
from two to three months. Roll cultures made at this time showed 
that other bacteria and fungi had found their way into the pot 
of soil, but no hog cholera bacteria could be detected. This and 
other reasons drawn from observations of this germ lead to the conclu- 
sion that the life becomes extinguished with its pathogenic effect on 
rabbits. This phase of the question is not to be overlooked, for even 
if a germ should not longer prove pathogenic, it may regain its orig- 
inal virulence under certain unknown circumstances. The infect- 
ious quality of this soil when a month old was demonstrated on pigs 
by feeding two directly with a tablespoonful each. One showed no 
disease; the other, unable to rise on the eighteenth day, was killed. 
^The mucosa of the lower ileum and of the entire large intestine was 
completely necrosed. The intestinal walls were so thick that they 
failed to collapse when slit open, and were very brittle. Bacterio- 
logical examination and rabbit inoculation confirmed the diagnosis of 
hog cholera. 

A pot of sterilized soil which had been saturated throughout with 
hog cholera germs was placed, December 16, 1887, in the grounds of 
the Department of Agriculture to test its vitality when exposed to 
natural conditions. January 5 a rabbit was inoculated from the soil 
on the surface of the pot. It died January 16 of hog cholera. Dur- 
ing the period from December 16 to January 5 the germs had been 
subjected to alternate freezing and thawing several times without 
being destroyed. On February 1, one and a half months after in- 
fection, the virulence of the same soil was tested on a second rabbit. 
A severe cold had prevailed since the first inoculation and a thaw 
was now upon us. The rabbit died of hog cholera on the eighteenth 
day, indicating that the number of bacteria inoculated must have 
been very small, and that most of them had already perished. On 
February 23 another rabbit was inoculated from the surface soil of 
the same pot. This also died of hog cholera on the eleventh day. 
Subsequent inoculations remained without effect. Both experiments 
show that the bacteria perished heUveen the second and third month. 
These and additional experiments ifow in progress will be reported 
more in detail in the report of the Bureau. ® 

ORDINARY LIME AS A DISINFECTANT IN HOG CHOLERA AND SWINE 

PLAGUE. 

Experiments made by Liberius* in Germany have deinonstrated 
that the bacteria of typhoid fever and cholera in man are quite readily 
destroyed with ordinary slaked or unslaked (powdered) lime. Ex- 

*Zeitschrift fiir Hygiene, II (1887), p. 15. 
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periments made during the summer of 1887 and subsequently, in the 
Burearf laboratory, with lime upon the virus of hog cholera, have 
been very satisfactory. In fact, the results were sufficiently posi- 
tive to warrant its use in place of the corrosive sublimate recom- 
mended in the preceding report. 

Lime has many advantages over the usual disinfectants. It is 
cheap, IS easily obtained and prepared, and may be used with im- 
punity, as it has no poisonous properties, hlor is the soil injured by 
the addition of a small percentage of lime. 

The metiiod v/hich Vv^as followed out in testing its germicide prop- 
erties Avas mainly that used by Liberius. The more detailed descrip- 
tion and the tabulated results of experiments will be published in 
the forthcoming report of the Bureau for the year 1887. It will be 
sufficient to give the results obtained and some remarks on their 
practical application. 

Bacteria of hog cholera free from any organic or inorganic matter 
are destroyed within one hour by .03 per cent, of lime; in other words, 
by lime water diluted to one-fourth its original strength (12 per cent,). 

When the same bacteria are suspended in bouillon as much as .08 
per cent, is necessary to destroy them. When a considerable quan- 
tity of coagulated albumen, as much as is contained in boiled, un- 
filtered beef infusion, was present, and in addition a quantity of egg 
albumen equivalent to two eggs in a liter, the liquid requires be- 
tween .3 and .4 percent, of lime before the bacteria are completely 
destroyed. 

These experiments have reference to the disinfection of the dis- 
charges of diseased pigs, in which the amount of organic matter can 
hardly be so great as in the albuminous liquid above mentioned. It 
will be seen that as this increases in amount a larger per cent, of lime 
is required. The lime produces a flocculent precipitate which sub- 
sides, leaving a perfectly limpid supernatant liquid. The precipi- 
tated portion of lime very probably becomes inert. 

Experiments v/ere made with soil in the same way. A rich loam, 
to which large numbers of hog cholera bacteria suspended in simple 
bouillon were added, Avas completely freed from living bacteria within 
one day by adding one-half per cent, of lime by weight to the soil 
and mixing the two together. The soil had been previously steril- 
ized before the hog cholera bacteria were added. The lime was used 
in the form of a 5 and 10 per cent, milk of lime. 

In the practical application of lime Ave may say in general that it 
should be used in place of mercuric chloride (corrosive sublimate) 
wherever possible. On wood-work it will be efficient as a whitewash. 
In infected pens the soil should be covered either by powdered lime 
or slaked lime in a thin layer. The i i- \e-water will percolate into the 
deeper layers of the soil and destroy any bacteria which have pene- 
trated into them from the surface. 

The experiments on the viudity of hog cholera virus in the soil are 
not sufficiently^omprehensive as yet to be made a basis for practical 
deductions. But, taking all the evidence, it is safe to say that a period 
of six months is the maximum and three the minimum time that need 
be alloA^ed for infected pens and grounds to become safe for occupancy 
when no disinfection is practiced. Lime as a whitewash on wood- 
w^ork, and scattered over the soil as slaked lime or as poAvder, used, in 
short, wherever there is any suspicion of the presence of virus, may 
reduce the time diri.ig which the ground should be kept unoccupied 
to tATo A/eokSo Ic is our intention to make experiments on the disin- 
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fectant power of lime on pens and grounds, so that more definite 
knowledge of its efficiency on a large scale may be obtained. 

It must be borne in mind that none of these precautions can take 
the place of the isolation of the healthy ux^on fresh disinfected or 
uninfected ground, l^^^o matter what may be the care taken in disin- 
fection; if one sick animal, manufactixring and carrying virus about 
within itself, so to speak, be allowed among healthy animals, the dis- 
ease will spread nevertheless. 

The experience which has been gathered at the experimental sta- 
tion during the past three years in the study of this disease has shown, 
(1). That healthy pigs can be kept free from infection, even on a farm 
where such disease is constantly kept up for purposes of investiga- 
tions, provided they are ke]3t in clean pens and there is no transmis- 
sion of virus from the sick to the well through implements of various 
kinds, through the carelessness of farm hands carrying it on their 
clothes, hands, shoes, etc. ; (2). That the disease may be carried to a 
previously uiiinfected locality by pigs bought from unknown sources; 
(3). That the disease, supposed to be extinct, may lurk in a chronic 
lorm in some animal without being recognized, and that this animal 
may become the source of an acute outbreak among fresh animals, 
usually in spring and fall when least expected; (4). That the safest 
method of raising swine is to breed them on the place, either known 
to be free from disease or thoroughly disinfected, and kept unoccu- 
pied for half a year after an outbreak, and not to allow any commu- 
nication with neighboring herds, nor to make any additions unless 
the source be positively known to have been free from disease for at 
least one year past. These rules will apply to swine plague so far as 
our knowledge of the disease goes, with exceptions mentioned in the 
article on that disease. 


FURTHER lUVESTIGATIOIsTS OU THE ETIOLOGY OF EST- 
FECTIOUS PNEUMONIA IN SWINE (SWINE PLAGUE). 

In the report for 1886 some preliminary investigations were re- 
corded concerning a disease in swine which differs from hog cholera, 
not only in the character of the lesions which it presents, but also as 
regards the organs attacked. The bacteria causing this disease are 
quite different from those of hog cholera and readily distinguishable 
by a number of tests. At the time of xmblication the material which 
had been examined was not sufficient to warrant a detailed description, 
nor were proofs adequate for complete demonstration. In February, 
1887, an epizootic of this disease, which appeared in the District of 
Columbia, was carefully studied, and a number of additional import- 
ant observation made in connection with the peculiar lesions wnich 
it jxroduces. 

The outbreak referred to appeared on a farm adjoining the exper- 
imental station of the Bureau in February, 1887. The farm had 
been free from swine diseases for several years. No clue could be 
obtained of the manner in which the disease originated. In the 
later stages of the outbreak the investigation was complicated by the 
appearance of hog cholera in the same herd. But sufficient evidence 
had already been procured to show in a striking manner the non- 
identity of the two diseases. In this outbreak we were for the first 
time enabled to convince ourselves of the important fact that in the 
severer forms crouxxous and diphtheritic lesions of the large intestine 
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are usually present. Tliese may lead to superficial necrosis of the 
mucous membrane and the formation of ulcers if the animals live 
long enough. This fact makes the diagnosis between hog cholera 
and swine plague far more difiicult, unless bacteriological methods 
are employed. It at the same time accounts for many discrepancies 
in the results of former investigators in this field, who regarded all 
infectious swine diseases due to one cause. In the following pages 
the autopsy and bacteriological notes are given with a few brief 
comments. Some of the earlier cases were not examined from a 
bacteriological standpoint, as the disease was at first regarded as 
hog cholera by the one in charge of the animals. The notes of the 
hasty examination are given, however, being valuable as far as 
they go : 

Pig No. 406, male, three months old, died February 1. Skin of the ventral aspect 
of body and inner surface of limbs reddened. Superficial inguinal glands greatly 
enlarged and diffusely reddened. Spleen very slightly tumefied; on section dark- 
colored and rather friable; on cortex small, elevated, blood-red points. Interlobular 
tissue of liver increased in quantity ; gives a harsh, gritty sensation to the hand 
when cut. Medulla of kidneys deeply congested. Lungs normal. Both ventricles 
of heart contain small quantities of dark, imperfectly coagulated blood. Consider- 
able serum in pericardial cavity. Lymphatic glands of meso-colon and meso-ceecum 
greatly tumefied and very dark red throughout. Those of mesentery but slightly 
affected. Quite extensive, firm adhesions between caecum and adjacent coils of 
colon. Large intestine filled with a semi-liquid mass containing much sand. Patch 
of mucous crypts at base of ileo-csecal valve converted into an ulcer nearly 2 
inches across. The intestinal wall forming the base of this ulcer nearly three- 
fourths inch thick. The superficial necrotic portion, about one-fourth inch thick, 
is separated from the deeper neoplastic portion of the wall by an irregular hemor- 
rhagic line. This latter portion is streaked with blood. The serous membrane of 
this patch is covered with radiating vessels of inflammatory origin, and adherent to 
colon. Three other ulcers in caecum about three-fourths inch in diameter; in struc- 
ture like the above. The mucous membrane of caecum and colon very deeply con- 
gested, approaching hemorrhage. Lower portion of ileum contains a few petechiae. 
Stomach normal and filled with food. 

This was without doubt a case of genuine hog cholera. The deep ulcerations in 
the caecum, taken together with healthy lungs, are sufficient evidence. No cultures 
were made from the spleen of this animal, although this would have been very de- 
sirable in the light of future events. The case is given to indicate the origin of the 
hog cholera, which appeared later in the same herd, together with the lung disease. 
The following attempt to infect another animal did not give any definite result: 

In order to determine more jirecisely the nature of the disease affecting 406, No. 
358, from another lot, was fed with portions of the spleen and large intestine of this 
animal. Unfortunately the animal was placed in a pen which had been long inr 
fected with hog cholera, but in which the animals had lately failed to take the dis- 
ease. The feeding took place February 1. It grew very feeble a week after; its 
appetite began to fail; it finally remained lying down all day, and was found dead 
February 20. 

Autopsy notes . — February 21. Superficial inguinal glands enlarged, bluish-red ; 
parenchyma dotted with bright red points. Some straw-colored serum and a few 
strings of fibrine in abdominal cavity. Liver dark, filled with blood ; right lung 
hypostatic ; right heart filled with dark, partially-coagulated blood. Large intes- 
tine distended with consistent fecal masses. Mucosa considerably reddened ; mi- 
nute vessels injected. Two old, healing ulcers, three-eighths inch across, in caecum ; 
stomach normal ; spleen cultures j’emain sterile. 

In the same pen with No. 406 were Nos. 403, 404, and 405. No. 403 died February 16. 

Autopsy . — Pig three months old. Skin over throat, inner aspect of limbs, and 
pubic region, reddened ; entire ventral aspect of body slightly so. Subcutaneous 
fatty tissue tinged red. Superficial inguinals enlarged and deeply reddened through- 
out their substance. Spleen enlarged and very dark, but firm. The small ventral 
lobes resting laterally upon the heart, which are most dependent in the natural 
position of the animal, airless and adherent to costal pleura, which is deeply in- 
flamed where adherent. The smaller air tubes of the hepatized masses are filled 
with a yellowish purulent exudate. Bronchial glands enlarged and congested. All 
the lymphatic glands of abdomen tumefied and deeply congested. Large intestine 
empty. Mucosa deeply inflamed from caecum to anus, being most severe lowest 
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down. In colon and rectum it is covered v/ith a continuous layer of exudate 
stained a dirty yellow and probably diphtheritic. Slight superficial necrosis of the 
membrane. Numerous ascarides in stomach, which is nearly empty. 

This was without doubt a case of genuine swine plague. The exudative deposit 
on the mucosa of the large intestine has never been observed by us in uncompli- 
cated hog cholera. Unfortunately no bacteriological examination was made. 

A very interesting case was presented by No. 402, whicli had been in the pen in 
which No. 406 died. On February 17 a very liquid diarrhea set in, which weak- 
ened the animal very much. It was found dead February 19. Large patches of 
the skin of throat, abdomen, and pubic region deeply reddened. Superficial in- 
guinals very large, cortex hemorrhagic. Sheath of penis infiltrated with blood. 
Patches of diffuse blood extravasation in subcutis, in abdominal, and lower inter- 
costal muscles. Lungs oedematous, a few slender fibers attaching right lung to 
chest wall. Cephalic lobes emphysematous ; small region of ventral lobes hepa- 
tized, grayish red. Extravasation of blood beneath pleura on dorsal aspect of 
lungs, near root. Cortex of bronchial and oesophageal glands infiltrated with 
blood ; brontjhi filled with whitish foam. Epicardium dotted with punctiform ex- 
travasations on auricles, and near base on ventricles. Small clot on right heart, 
left empty. Liver bloodless. Kidneys pale, hemorrhage into membrane inclosing 
papillae. A few petechiae on cortex. Serosa of small intestines covered with 
oblong purplish patches, found to correspond with Peyer's patches, which are very 
dark throughout. In many there is hemorrhage on the surface. Beneath serosa 
of large intestine numerous petechiae and hemorrhages. All glands of abdomen 
with cortex hemorrhagic. Mucosa of colon very dark, and covered with isolated 
yellowish-white masses from one-eighth to one-fourth inch in diameter. These 
are fairly consistent, and come away entire, leaving a slightly depressed sur- 
face. In the rectum this exudate has coalesced into a continuous sheet. Fundus 
of stomach covered with a layer of clotted blood ; when removed the exposed 
mucosa is found dotted with closely-set hemorrhagic points, eviden^y the source 
of the hemorrhage. 

This case is of considerable interest. In the first place the extensive hemorrhages 
throughout the body have left the organs almost bloodless. The lungs were with- 
out doubt beginning to consolidate, and the very important question arose : Are 
the swine plague bacteria at times the cause of such severe hemorrhagic lesions as 
are presented there ? 

Examination on cover glasses of the parenchyma of the various organs proved 
negative as regards micro-organisms. A large number of cultures were made with 
the following results : Two tubes of beef infusion inoculated with shreds of pleural 
exudate remained sterile. Two tubes of beef infusion peptone received each a bit 
of spleen tissue. In both large bacilli developed, either single or in long chains, 
some spore-bearing, the spore causing a considerable local increase in the width of 
the rods, giving them a spindle-shaped or club-shaped outline, according as the 
spores were situated nearer the center or one extremity of the rods. A few were 
observed to execute spontaneous movements. 

Two tubes of beef infusion, inoculated each with a bit of liver, contained the same 
bacilli ; also a microbe resembling the swine plague bacteria very closely and a 
streptococcus. A liquid culture of blood from the heart contedned the bacillus only. 
A gelatine tube culture made bv dropping into it a few drops of heart’s blood de- 
veloped numerous translucent waxy colonies, made iq) of several kinds of bacteria. 
The gelatine after a few days began to liquefy. Two tube cultures in gelatine, con- 
taining each a bit of spleen, began to liquefy after a tew days with disengagement of 
bubbles of gas and a pecular unpleasant odor. The same large bacilli present in 
both tubes. 

These results indicate absence of a perceptible growth of bacteria in the internal 
organs. Owing to the extensive hemorrhages upon the mucous surfaces, the vari- 
ous microbes found in the cultures gained access to the blood. The bacillus found 
in almost every culture is presumably some form causing butyric fermentation. 
This is shown by its spore formation, feeble growth in cultures exposed to the air, 
and the odor of the cultures. The animal probably died early in the night, and the 
warm weather then prevailing gave the bacilli ample opportunity to multiply. 
Their general distribution seems to favor the assumption that the bacilli or theii* 
spores were distributed by the blood current before it ceased. The lesions were not 
due to the bacterium of hog cholera, although resembling this disease, if we ex- 
cept the hemorrhagic condition of Fever’s patches in the ileum, which we had not 
seen in the severest cases of hog cholera.* Had the disease been hog cholera the 
bacterium would have been revealed in several or all of the cultures made. 

* Excepting in those fed with fiquid cultures. Bee Annual Keport Department of 
Agriculture for 1886, p. 614. 
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Were these lesions due to :swine plague bacteria*:' 

To determine whether tlie microbes seen in the Impure liquid culture from the 
liver were swine plague bacteria a rabbit was inoculated by means of a hypodermic 
syringe beneath the skin of the thigh with about one-eighth"" of this culture. It 
was found dead within forty-eight hours. 

Locally there were blood extravasations into the con]iecti\^e tissue and muscles 
of the thigh and contiguous abdominal wall. There was a] so a gelatinous infiltra- 
tion of the fasciae of the muscles. Lungs oedematous; spleen dark; parenchyma 
of liver very friable. Stomach distended with food. Mucosa covered with a layer 
of tenacious mucus. Immense numbers of bacteria in spleen, livei*, and blood from 
the heart all showing the characteristic polar stain of the swine plague bacteria. 
Very few in kidneys. From the blood and spleen pure cultures in tubes of gelatine 
were obtained. 

These results prove not only the presence in the liver of this pig of swine plague 
bacteria, but also the absence of any pathogenic properties of the large bacillus 
found in all cultures from the pig. ^ 

An impure gelatine culture from tlie blood of this pig inoculated into a rabbit 
gave precisely the same result. The rabbit died in three days of a septicmmia due 
to the swine plague bacteria, which were found in abundance in the spleen, liver, 
and blood. Cultures were equally confirmatory. Hence both blood and liver of 
the pig contained these bacteria. The appended table gives the results of the inocu- 
lations: 


Pig No. 402, February 19. 


b. i. p.* culture, liver. 


rabbit, February 24, 
died February 26 

(cults, blood, and spleen contain only swine 
plague bacteria). 


I 

gel.t cult, blood. 


rabbit March 2, 
died March 5 

(cults, liver, blood, contain 
only swine plague bacteria). 


A pig (No. 377), after being deprived of food for nearly a day, was fed February 20 
with portions of the spleen, large and small intestine, of No, 402. The handling ot the 
animal resulted in slight lameness for a few days. Its appetite became poor. In a 
month after feeding (March 23) it was in a dying condition, and was consequently 
killed for examination. 

post-mortem examination gave no clue as to the nature of the disease. There 
were no indications of hog cholera. There were no specific lesions referable to 
swine pl^ue. Previous as well as subsequent experiments have convinced us that 
the specific lung lesions of swdne plague can not be produced by feeding. The le- 
sions found are briefly as follows : 

Superficial inguinal glands very large, infiltrated with a pale iiierum; cortex of 
some of the lobules contain extravasated blood, medullary portion whitish, lardace- 
ous. Peritonitis indicated by very slender threa:!s of fibrine stretched across the 
coils of intestine. Lungs and digestive tract normal. Right ventricle distended 
with a clot, the center of which is pale. Two liquid cultures from peritoneal fluid 
remained sterile. 

No. 405 was found dead February 18, after several days of great weakness and 
diarrhea. The severest lesions were confined to the lungs and the large intestines, 
as the following post-mortem notes indicate : 

Patches of skin on the inner aspect of limbs, over the abdomen and pubic region, 
deeply reddened. Lymphatics of meso-colon enlarged, but pale. The mucous 
membrane of the large intestine presents throughout a dark red, raw aspect, and is 
covered more or less entirely with a continuous layer of exudate, which readily 
comes away. Ventricles of heart filled with very dark, partially coagulated blood. 
The ventral portion of both lungs, involving perhaps one-half their entire volume, 
hepatized and portions of it firmly adherent to the thoracic wall, the diaphragm, 
and pericardium. 

The disease seemed to involve all below a horizontal line when tliie luiigs wete 
held in the position normally occupied in the body, as if the agencies producing the 
lesion had settled into the most dependent portions and there began their patho- 
logical action first. The portions affected were tlius the small ventral lobes resting 
on the pericardium, these being lowest in the natural position of the animal, and 


* Beef infusion containing 1 per cent, peptone. 

t Beef infusion Containing 1 per cent/ peptone and 10 per cent, gelatine. 



BUEEAU OF ANIMAL INDUSTRY. 


495 


portions of the cephalic and principal lobes. Those portions resting against the 
vertebrae were still normal. 

The color of the hepatized regions was grayish red to reddish yellow, sprinkled 
with closely set yellowish white spots from to 5*"°^ in diameter and slightly prom- 
inent. On section the same appearance presents throughout the diseased lung 
tissue. The recently affected lobules are either uniformly and deeply reddened or 
sprinkled with a large number of very minute whitish points. Odor slightlj^ putre- 
factive. 

The yellowish white masses were firm and cut with a smooth surface. Micro- 
scopic examination showed them to be made up of broken down cells, among 
which were immense numbers of various kinds of bacteria. Tlaese lesions were 
evidently produced by the same cause that we had studied in western outbreaks. 
There was but one way to speedily isolate the specific microbe from the mass of 
other microbes which were living in the dead cell masses. Three mice were in- 
oculated by placing beneath the skin of the back bits of lung tissue from the re- 
cently diseased areas. A rabbit was inoculated in the thigh in the same way by 
making an incision through the skin, which had been disinfected with 1 per cent, 
mercuric chloride, introducing a bit of lung tissue and drawing together the in- 
cision with a stitch. 

The rabbit died within 24 hours. Very slight purulent envelope about bit of 
tissue. No other reaction locally. Nearest lymphatic hemorrhagic. In it, as well 
as in blood from the heart, spleen, and liver, immense numbers of the polar 
stained bacteria. Cultures in gelatine and liquid from blood pure. Two mice, died 
on the third day. Bacteria present in small numbers. The third died on the fourth 
day. Immense numbers of the same bacteria in blood from heart. Pure cultures 
from the latter organ were obtained from each mouse. 

Pig No. 405 (bit of lung tissue). 


ra^bbit, Feb. 18 3 mice, Feb. 18 

died Feb. 19 died Feb. »1, 22 

(swine plague bacteria only in cultures) cultures from blood contain only swine plague bacteria 

One of the most pronounced cases of this disease died February 21, and was ex- 
amined on the following day. 

No. 407. Pig of medium size, white; skin of abdomen, chest, neck, and back 
deeply reddened. Fat abundant, slightly reddened along the linea alba. Super,ff- 
cial inguinals slightly enlarged; spleen dotted with elevated blood-red points. Liver 
very dark. Stomach and duodenum normal, the latter bile-stained. In ileum 
Peyer’s patches are visible as groups of small, dark dots; no swelling. Mucosa of 
caecum and upper colon of a dirty, blackish color, probably pigmented. A few 
haematomata beneath mucosa. Besides the diffuse pigmentation the mucosa is 
sprinkled with isolated or confluent masses, about one-eighth to one-fourth inch in 
diameter, of a dirty grayish-yellow color, loosely adherent to the mernbrane. When 
pulled away a slightly depressed surface is exposed. Much of this mass can be 
easily removed by simply moving the scalpel over it. There are several ulcers in 
the caecum with decided loss of substance. The patch of mucous glands at the base 
of the valve is also converted into an ulcerated mass. Lymphatic glands in abdo- 
men slightly swollen and reddened. Kidneys deeply reddened to tips of papillae. 

On opening the thorax the lungs did not collapse, and a rather disagreeable odor 
was perceived. As in No. 405, the ventral and cephalic lobes of both lungs were 
consolidated. The hepatized regions were very hard to the touch, bright red, with 
yellowish points sprinkled in regularly, indicative of broncho-pneumonia. (See 
Plates I, II, III, Fig. 1.) The right lung was adherent to chest wall along the hepa- 
tized portion. A whitish, spongy membrane was interposed, about to thick, 
inclosing a small quantity of turbid liquid. On removing the lung the membrane 
remained adherent to pulmonary pleura and was removed with difficulty. A por- 
tion of the diaphragm was also firmly attached. The left lung adhered firmly to 
the costal wall in two places where it was consolidated. The costal pleura was 
deeply reddened, owing to the injection of a close net-work of minute vessexs. Tra- 
chea and bronchi filled with whitish foam. 

On section, the consolidated region is sharply but irregularly marked off from 
the normal tissue, verv consistent and slightly elevated. The color varies from a 
bright red (recent) to a grayish red. In all the minute grayish points are present 
from 1™"' to 2^^™ in diameter, about the same distance apart, and of a hazy outline. 
Hie smaller bronchi are filled with a purulent fluid. In the surrounding lobules 
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in which the disease is more advanced the interlobular tissue is distended with a 
serous infiltration; the large vessels are filled with very consistent dark clots. Heart 
rather large; pericardium free; right auricle, ventricle, and large veins distended 
with thrombi; smaller white thrombus in left ventricle. 

Microscopic examination of the lung tissue in cover-glass preparations shows the 
presence of numerous bacteria with the polar stain in recent lesions; in older ones 
they are rare. Other forms are present, but only in small numbers. The pleural 
exudate was made up of round cells, bound together by bundles of fibrine; it con- 
tained few bacteria. 

In transverse sections of the large intestine, where a mass of exudite is still at- 
tached, the muscular and submucous layers are intact, if we except a slight cellular 
infiltration near the base of the crypts. The mucous layer, however, is considera- 
bly changed. The surface epithelium, including a portion of the crypts of Lieber- 
kiihn, is no longer distinguishable, but merges without demarcation into an exu- 
date several millimeters thick, consisting of leucocytes imbedded in a mesh- work 
of fibrine, the whole refusing to stain. The pathological process seems to be diphthe- 
ritic in nature, the membrane being attacked from the digestive tube and not from 
the submucous tissue. 

Pure cultures of swine-plague bacteria in tubes of gelatine were obtained from 
the pleural exudate. In each needle track a large number of colonies developed. 
A piece of the false membrane gave the same result. Cover-glass preparations from 
spleen and liver were negative. Two tubes of beef infusion into which bits of spleen 
had been dropped remained sterile. Two similar cultures from the liver contain 
each the bacillus butyricus, evidently of post-mortem growth. The blood from the 
heart was also free from bacteria, for two tubes of gelatine, each inoculated six or 
seven times with blood, did not develop a single colony. 

These results show that the specific microbe is not present in the internal organs, 
and can only be obtained from the diseased lungs and pleura. A rabbit inoculated 
in the ear with a bit of lung tissue died within four days. There was no swelling 
or reddening of the ear. Lungs deeply congested (hypostatic?). Immense num- 
bers of swine plague bacteria in blood, spleen, and liver. Cultures from blood and 
liver containe d only the same organisms. A mouse inoculated with a bit of lung 
tissue succumbed within two days. Bacteria very scarce in body. Pure cultures 
of swine plague bacteria were, however, obtained from heart’s blood. 


I 

pleural exudate 

1 


gel. cult. 


\ rabbit (ear) Mar. 5 

gel. cult. Mar. 5 no effect 


Mar. 12 


Mar. 26 


rabbit (ear) Apr. 12 
died Apr. 15 

I 

(swine plague) 
bacteria 


Pig No. 407, died February 21. 

I 


lung tissue lung tissue \ blood 

I I spleen | 

rabbit Mar. 23 mouse Mar. 23 | cults, sterile 

died Mar. 27 died Mar. 25 cults, sterile 


swine plague swine plague 
bacteria bacteria 

liver 
cults, contain 
butyric bacilli 


No. 408 from the same farm died March 5. The post-mortem examination was 
delayed forty-eight hours, the temperature being above the freezing point a part of 
the time. 

Skin diffusely reddened over the entire body. On buttocks tough and leathery. 
The most marked lesions found in the internal organs are briefly as follows: On sec- 
tion of kidneys six or seven petechies on each pyramid. In fundus of stomach, which 
was filled with food, some small erosions of the mucous membrane. In the large 
intestine, the mucosa of caecum dark-red, almost blackish, and covered with large 
ragged ulcerations only or 3 deep. The membrane appeared as if gnawed. 
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The ileo-csecal valve is almost completely surrounded by ulceration, the base of 
the ulcers being blackish, and the mucosa much puckered. The colon is bright 
red, dotted with darker points, and covered with small ulcerations, circular as if 
punched out. The base of the ulcers is concealed by a creamy mass, the border 
slightl}^ thickened and intensely reddened. In some places the ulcers number five 
or six to a square inch. Besides these small ulcers there are several about one-half 
inch across, resembling the ragged ulceration in the cascum. The contents of in- 
testine resemble lumps of sand and mud, some extremely hard. Sections through 
a few of the small circular ulcers show that they have arisen around the mouths 
of mucous glands. • 

On opening thorax, lungs collapse. Slight fibrous adhesion of right lung to tho- 
racic wall near diaphragm. In each lung the cephalic, ventral, and a small portion 
of the principal lobe, as well as the small azygos lobe, solidified. The hepatized 
portions are bright red, dotted with \ ery minute closely-set, grayish spots, well shown 
in Fig. 2, Plate III. Examined with a lens these spots have a nebulous appearance. 
On section this same mottled appearance. A few lobules au d groups of lobules are 
converted into greenish-yellow, consistent, chee^ masses. Trachea and larger 
bronchi filled with whitish foam. The smaller bronchi clogged with viscid mucus 
inclosing air bubbles. Cover-glass preparations of alveolar exudate contained cocci, 
of the spleen no bacteria of any kind. Cultures from the surface of the pleura re- 
mained sterile; a liquid culture from the spleen contained three or four forms of 
bacteria. One of these was evidently the microbe found in former cases. A second 
form, a motile bacillus, isolated from this culture with the aid of gelatine plates, re- 
sembled the bacterium of hog cholera in some features, differing from it in others. 
Without giving these, suffice it to say that a rabbit inoculated subcutaneously 
•with one-third‘s*^ liquid culture was killed in ten days. The lesion was purely 
local; extensive suppuration of the connection tissue of the inoculated thigh. The 
lymphatic glands of axilla on the same side enlarged, one of them hemorrhagic 
throughout. The internal organs were normal; no evidence of those lesions always 
following inoculation with hog cholera bacteria. 

March 8 a rabbit was inoculated by pricking both ears with a lancet and insert- 
ing into the wound some of the alveolar exudate from the solidified lung tissue. No 
result. Another rabbit was inoculated with the same lung tissue a week later, 
which had been meanwhile kept in the refrigerator. A small bit of lung tis- 
sue was placed beneath the skin of the thigh and the wound closed with a stitch. 
It was killed a week later, though apparently well. A large mass of •^heesy pus 
was found at the place of inoculation in the subciitis. Internal organs normal. 
Two mice were inoculated March 8 by placing bits of lung tissue beneath the skin 
at the root of the tail. They died March 13 and 14, respectively. In the heart’s 
blood of both the characteristic bacteria found hitherto, and showing the polar 
stain very clearly, were found in large numbers. Cultures therefrom corroborated 
the microscopic examination. A table giving the inoculations is appended: 

Pig No. 408, died March 5. 


I 

lung tissue 


spleen 


« 


rabbit (ear) March 8, 
no effect 


rabbit (thigh) 
March 14, 

, I 

local suppuration 


mice March 8, 
died March 13, 14 


swine plague 
bacteria 


plate cult. 

I 

b. i. cult. 

motile baccillus 


rabbit March 15, 
killed March 25 
(local suppuration 
only) 


Another pig (No. 409) had been with Nos. 405 and 406 before January 31. Since 
February 1 this animal began to fail. It became emaciated and weak, diarrhea 
set in, a cough was heard when the animal was incited to move. It died March 20. 
Body very thin; skin of ventral aspect covered with elevated brownish scales one- 
eighth to one-fourth inch in diameter, easily torn away, and involving only the epi- 
dermis. Petechiae had been observed in the same situation during life ; superficial 
inguinals considerably tumefied, of a mottled, pale-red color. Digestive tract . — 
Stomach distended with food, cardiac expansion softened and apparently macer- 

AG 87 32 
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ated. In the large intestine the mucosa was roughened and covered with pigment 
spots to 2™*" diameter, giving.the whole membrane a dark appearance. In the 
blind end of the caecum and in several of the saccular dilatations of the colosi the 
mucous membrane is superficially eroded, gi^ung rise to circular, shallow ulcers cov- 
ered with a whitish deposit. The lungs were extensively hepatized. The solidified 
portions involved the same regions as those heretofore described — cephalic and ven- 
tral lobes and the ventral portions of principal lobes. Only a small area of the 
principal lobe presents the bright red ground mottled with grayish points. The re- 
mainder of the solidified lung tissue is of a uniform greenish, waxy tint, both on 
surface and section ; the bronchi plugged with mucus. In those portions of the 
principal lobe wliich appear normal are scattered groups of hepatized lobules. 
Cover-glass preparations from the diseased regions of older date show chiefly pus 
corpuscles with irregular fragmentary nucleus staining well in methylene blue. 
On one cover glass was found a large colony of minute bacteria resembling those of 
swine plague. 

In sections from the hepatized lobes the alveoli were found, as usual, filled with 
cellular elements. Among thes# chains of streiitococci, consisting of at least 15 to 
30 cocci, were found. In some alveoli only a few were present, in others a consid- 
erable number of interlacing chains could be seen. This strepococcus, which stains 
very well, according to Gram, will receive more attention later on. No groups of 
cocci resembling those of the swine plague bacteria could be found in the few sec- 
tions examined. 

Cultures from spleen and liver were found to contain several kinds of bacteria. 
A tube culture in gelatine of heart’s blood remained permanently free from bac- 
terial growth. 

From a cheesy mass in the lungs a large white rabbit was inoculated in both ears, 
On the following day both were swollen, red, and drooping back. A few days later 
they were again normal, and although rather quiet and stupid it seemed well. On 
the eighth day it was found dead. 

Slight swelling about lancet puncture on which there is some dried blood. Ear 
otherwise normal, a few strings of fibrine on intestines, spleen enormously enlarged. 
Liver dotted with areas of coagulation necrosis to across. Extensive pericar- 
ditis, the two layers of the pericardium firmly adherent. Pleuritis on both sides. 
The lesions were those caused by hog cholera bacteria, and these microbes were 
found in large number in spleen and liver. Only a few in the pericardial exudate, 
none in blood. Gelatine cultures of spleen and liver and three beef infusion cult- 
ures of blood from the heart contained the motile hog cholera bacteria only. 

Pig No. 409, died March 30. 

I 


lung tissue 

ear of rabbit March 22 
died March 30 

I 

cultures contain only- 
hog cholera bacteria 


lung 


mouse 
(no result) 


Another animal (No. 410) from the same farm and herd was attacked with a severe 
skin disease, in which a large area of the skin of the back came away as a slough, 
exposing the muscular tissue beneath. The animal became reduced and was found 
dead March 29. 

The ventral aspect of the body and limljs covered with round, slightly-raised 
scabs, about one-fourth inch in diameter, witli bluish-red border. The scab, con- 
sisting merely of epidermis easily torn away, covers a deep-red surface. The ex- 
tensive sloughs on the back have already been mentioned. Stomach filled with a 
turbid liquid, the membrane of fundus reddened and covered with tenacious mucus, 
which it is almost impossible to scrape away. Mucosa of large intentines of a deep 
red throughout made up of crowded bright red points. No ulceration. Lungs not 
collapsed; left hypostatic. Both principal lobes oedematous; cephalic half of right 
lung emphysematous. Hepatization involves, in the right lung, only the extreme 
tip of cephalic lobe, one-half of ventral lobe, and the ventro-cephalic corner of 
principal lobe; in the left lung only a few lobules of the ventral lobe. The small 
piedian ^az^^os) lobe is solidified alon^ the border in several places. Right hearl 
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filled with a large thrombus, firmly adherent to papillary muscles. Left heart con- 
tains a small dark clot. Large vessels near heart and in lungs distended with white 
thrombi; inclosed part dark clots. 

Bacterial investigations negative. One rabbit inoculated with bit of lung tissue 
in thigh remaiii^ vi well, Twm mice inoculated with lung tissue died on the follow- 
ing day. Culturc^s from blood remained sterile. All but one culture from s])leen 
and liver remained sterile. This contained a bacillus growing in the bottom oi the 
liquid (butyricus ?). 

In order to test the communicable character of this lung disease, two healthy 
pigs (Nos. 359, 360) were taken February 28 to the farm and i^enned with Nos. 
408, 409, 410. At this time two of these three were already diseased, and No. 40 1 had 
already died in the same yard. On March 16, No. 408, having meanwhile suc- 
cumbed to the disease, the remaining four were taken back to a clean pen on the 
experimental station. No. 409 died March 20, as already stated, and No. 359 was 
found dead March 24. It had been so weak as to be scarcely able to stand, al- 
though apparently free from cough. No skin lesions; superficial inguinal glands 
enlarged, pale, medullary portion dotted with blood-red points. A few slender 
fibrinous strings stretched across the coils of intestine. Stomach contracted, con- 
taining about 50^'^ of a turbid yellow liquid. The walls covered v’ith tenacious 
bile-stained mucus. Gall bladder contracted; contains an ascaris; one in cystic 
duct. Mucosa of large intestine dark colored. In caecum four or live large ulcers, 
one surrounding base of valve. In another, about one-half inch across the necrotic 
center, projected like a button. In colon a large number of small ragged patches 
of a thin deposit which seems to be dead epithelium. Thorax . — Lungs do not col- 
lapse when thorax is opened. The major portion of both, excepting dorsal region, 
closely adherent to chest wall. The attachment being severed without difficulty, 
both pleural surfaces are found covered with a thin grayish deposit. Small quan- 
tity of turbid liquid present in pleural cavity; diaphragm entirely but loosely adhe- 
rent to the pulmonary pleura. Portion of pericardium also adherent to pleura on 
the right side. 

When the lungs were removed from thorax, all but the dorsal region found solidi- 
fied. Even in this there were scattered hepatized lobules. The lung tissue varies in 
color from a pale to a bright red and resembles the diseased lungs already described. 
The smaller bronchi of the affected lobes were, as a rule, occluded with more or less 
consistent whitish plugs. Bronchial glands enlarged, cortex bright red. 

Heart but slightly <listended. Right ventricle filled with a firm washed clot; 
right auricle with a dark, soft clot. Left ventricle contains a small, dark clot ; left 
auricle the same. This latter is dotted with closely-set, bright-red petechias, as if 
sprinkled with blood. Great vessels filled with dark clots. 

Microscopic exailiinatieu reveals a large number of swine plague bacteria in 
pleural exudate, immense numbers in the lung tissue. The whitish plugs in the 
small air tubes contain a moderate number mingled with other forms. Sections of 
the same lung tissue showed immense numbers of swine plague bacteria among 
the alveolar exudate. Bacilli were also present, but in small number. The follow- 
ing cultures were made: Of two beef infusion cultures from the pleural exudate 
one contained the swine plague bacteria only, the other in addition a streptococcus. 
With the pure culture two rabbits were inoculated by injecting one-fifth*^'' beneath 
the skin of the thigh. One of them (small white) was dead next morning. A few 
ecchymoses in the subcutis at point of inoculation. The internal organs appeared 
unchanged. Both spleen and liver contained immense numbers of the injected 
bacteria — pure cultures of which were obtained from blood of heart and liver. The 
second rabbit was found dead on the third day. There was locally an extensive 
infiltratioxa of the subcutis with superficial degeneration of thigh and contiguous 
abdominal muscles. Slight peritonitis. Hemorrhage into caudal lobe of right 
lung. Very few bacteria in spleen, liver, and heart’s blood. A tube culture in 
gelatine shows the colonies in a few days. 

Subsequent inoculations were made from cultures derived from the first rabbit 
Two rabbits were inoculated in the ear with a lancet dipped into the culture liquid. 
Both died on the third and fourth day after inoculation. The swine plague bacteria 
were found in the spleen of both. 

Of two gelatine cultures from the pleural exudate both are impute, one contain- 
ing besides the swine plague bacteria also the streptococcus, the other a chromo- 
genous bacillus, described as bacillus luteus in the Second Annual Report of the 
Bureau (1885). Of three cultures from the spleen in beef infusion the bacillus 
luteus is present as well as the swine plague bacteria. This chromogenous organ- 
ism had penetrated into the internal organs , the streptococcus being limited to the 
pleural cavity. 
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Pig No. 369, died March 24. 


I 

pleural exudate 
b. i. cult. 


rabbit (subcutis) March 25 
died March 28 
(swine plague) 


rabbit (subcutis) March 25 
died March 26 
(swine plague) 


r 


gel. cult, (liver) 


b. i. cult, blood 


b. i. cult. April 2 


2 rabbits (ear) April 4 
died April 7,8 
(swine plague) 


I 

spleen cults. 

I 

swine plague bacteria 
chromogene 


No. 360 was exposed February 18 with pig No. 359, just described. After one 
month of exposure it became very weak and emaciated and kept on failing until it 
was found dead April 6. Its abdomen was very much distended ; this distension 
had appeared before death. Superficial inguinal glands somewhat enlarged and 
congested. Peritonitis indicated by some reddish serum and by strings of fibrine 
stretched across coils of large intestine. The latter were greatly distended with gas 
and semi-liquid feces. Glands of meso-colon hemorrhagic. Lungs collapsed, quite 
red. Exostoses as large as marbles on four right lower ribs near cartilages. No 
other lesions observable. This animal, therefore, had not contracted the disease as 
observed in those animals with which it had been penned. 

Another animal (No. 378) which had been growing x^oor for nearly a month and 
finally died was also affected with extensive hexDatization of the lungs. The lesions 
observed were briefly as follows : 

Scaly patches on the side of neck, on buttocks. About of yellow serum in 
abdomen, a few strings of coagulated lymph on coils of intestines. Liver dark, re- 
sistant. Gall bladder distended with dark brownish bile. Stomach empty, bile- 
stained. Mucosa of intestinal tract dark, probably due to venous stasis ; no ulcera- 
tion. Heart large, flabby. Right heart filled with a very dark soft clot. Left 
auricle distended by a very firm white thrombus, left ventricle partly filled by a 
dark clot. All vessels leading to and from heart filled with moulds of dark coagu- 
lated blood. Lungs partly collapsed. Slight fibrous adhesion of each lung to chest 
wall. The cephalic and ventral lobes of each lung and the azygos lobe airless, solid, 
of a grayish-red, semi-translucent, or v/axy appearance ; bronchi plugged with a 
glairy mucus. At least one-half of the left principal lobe and one-third of the right 
hepatized, being the ventral portions. The disease was moving from the ventral to 
the dorsal side, t. e., from below up when the animal is standing, the only portions 
not affected being those nearest the back-bone. 

Although forms resembling swine plague bacteria were found on microscopic ex- 
amination in the solidified portions, a rabbit inoculated on the ear did not succumb. 

The microscopic examination of sections made from that portion of the lungs 
most recently affected and stained according to Gram gave some interesting results. 
Capillaries very much distended, with red corpuscles, so that alveolar walls appear 
very thick. Alveoli and smallest air tubes plugged with dense masses of cells, 
epitheleoid and round. In the alveoli are found chains of cocci (streptococcus) from 
five to twenty in a chain, winding in and out through the cell mass. They are ap- 
proximately 1 micromillimeter long, slightly oval, and stain very deeply. In some 
gi'oups of alveoli these streptococci are very numex’ous, in others they are few in 
number, or else replaced by another form consisting of minute bacilli in groups of 
few to many, usually within the protoplasm of the cells contained in the alveoli. 
These bacilli resemble tubercle bacilli very closely. In some alveoli they are ex- 
ceedingly numerous. These two forms of bacteria, stained dark blue and strongly 
contrasting with the brown color of the cells (bismarck brown), were iDcrhaps the 
only ones present, none others in sufficient numbers to be detected. 

Cultures from blood of heart, spleen, and liver remained sterile. 
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No. 372 had been exposed in a pen, infected with hog cholera, to the lung dis- 
ease. It had therefore been exposed to two different diseases. It began to grow 
weak and stupid, eating very little until death, on March 20, more than a month 
after the earliest symptoms of disease. This animal was found with extensive limg 
disease, while its internal organs contained hog cholera bacteria, as the following 
remarks indicate. 

Animal with moderate amount of fat. Stomach bile-stained. Gall bladder filled 
with a thick prune-juice colored mass. Beginning sclerosis of liver. No intes- 
tinal lesions. Lungs , — Right ventral and left ventral lobes almost entirely solidified. 
Median ventral and cephalic border of right principal lobe solid, exceedingly hard 
to the touch ; pleura covering it thickened. On section the lung tissue is found con^ 
verted into a grayish, homogeneous, caseous mass. In left principal lobe a mass 
of tissue about 2 square inches in extent is solidified, some lobules being caseous, 
others still red. In the hepatized ventral lobes there are many lobules converted 
into a yellowish-white, homogeneous mass, almost cartilaginous. The small 
bronchi exude a glairy purulent mucus. 

In the recent lesions bacteria few in number ; in the caseous masses immense 
numbers, nature not determinable. 

Liquid cultures from blood and spleen contain not swine plague but hog cholera 
bacteria. A gelatine culture from the blood contains the same bacteria. A rabbit 
inoculated subcutaneously with one-fourth'^'^ of a beef infusion culture died on 
the sixth day with greatly-enlarged spleen and coagulation necrosis of liver. In 
both organs the injected bacteria were present in large numbers. Of two mice 
inoculated with lung tissue one died next day ; no examination made. Unfortu- 
nately no rabbit was inoculated from the lung tissue. 


Pig No. 372, died March 20. 


blood 1 

lung 

1 

1 i 

gel. cult. b. i. cult, 

hog cholera bacteria 1 

one died March 23 
other not affected 


plate ciilt, 

I 

gel. cult. 


b. i. cult April 1. 

rabbit April 2 
died April 8 
(hog cholera) 

Pig No. 397 illustrates well the existence of two diseases in the game animal, the 
hog cholera bacteria being obtained from the spleen, the swine plague germs from 
the lungs. This animal was fed with the hepatized lung of pig No. 378 on March 
24, and three days later with lung tissue from pig No. 359. In a week it became 
feeble, especially in the hind limbs, dull, without desire for food. April 13 diarrhea 
set in and it died next day. Post-mortem examination revealed extensive disease 
of the lungs and large intestine. The animal had contracted swine plague first; 
upon this disease hog cholera was grafted, which probably was the immediate cause 
of death. 

Slight discoloration of skin on ventral aspect of body. Superficial inguinal glands 
enlarged, cortex infiltrated with blood, medulla dotted with petechiee. Some fibrils 
of coagulated lymph across coils of intestines; small quantity of serum present in 
abdomen. Mesenteric glands very large, deep red. On section almost entirely in- 
filtrated with blood, excepting a few patches of the medulla, which are homo- 
geneous yellowish white; glands of meso-colon dark red. Spleen greatly engorged 
with blood, friable. In liver the connective tissue increased in quantity, paren- 
chyma softened. 

In thorax the right pulmonary pleura covered with a thin film of exudate. Con- 
siderable yellowish serum in both pleural sacs. The cephalic and ventral lobes and 
the ventral portion of principal lobe hepatized. The hepatization presents that 
peculiar grayish-mottled appearance on a deep-red ground; trachae fiUed with 
whitish foam. Digestive tract . — Stomach filled with a turbid yellowish liquid, 
mucosa in general bile-stained, in fundus deeply reddened. In the large intestine 
the mucosa is uniformly and very densely sprinkled, with dark-red points (extra- 
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vasated?). A dirty, yellowish, projecting ulcer on base of valve. Four or five of 
the same character, three-eighths to one-hall inch across in caecum and upper colon. 
In this animal the brain and spinal cord were laid bare. A few xmnctiform recent 
extravasations, chiefly in the white matter of the cerebellum. 

With a bit of lung tissue two rabbits were inoculated — one beneath skin of thigh, 
another in the ear. Both were found dead within forty hours after inoculation; the 
bacteria of swine plague j)rcsent in spleen and liver in large numbers, and obtained 
pure in cultures. 

From the spleen, pleural, and peritoneal exudate the hog cholera bacteria were 
obtained pure. They were very scarce in the pleural exudate, however, as two out 
of three liquid cultures rernained sterile. Two mice inoculated from the spleen 
culture were dead on the sixth day, both of hog cholera from the injected cultures. 

Pig No, 397 died Aijril 14. 

lung tissue 


spleen peritoneum pleura 

rabbit (subcutis) April 15 rabbit (ear) \ | | 

both dead April 17 cultures contain hog cholera 

I bacteria only 

(swine plague) 2 mice Apr. 15 

died Apr. 20 
(hog cholera) 

Number 396 is another interesting case of lung disease complicated with hog 
cholera. This animal had been fed February 22 with portions of the spleen and 
large intestine of number 407, which has been dwelt upon in the preceding pages. 

A few days after feeding it began to show signs of disease by growing weakness, 
especially marked in the hind limbs, no desire for food, and a slight diarrhea. A 
month after feeding, constipation set in, while the weakness of the hind limbs was 
very marked, bordering on paralysis, and anorexia continued. In the seventh week 
diarrhea again set in: the animal was unable to rise and died April 18, nearly twc 
months after feeding. It was found with severe and extensive lesions of the lungs 
and large intestine. (See Plate IV.) 

Digestive tract. Stomach filled with food; normal. Large intestine, excepting 
rectum, ulcerated. Ulcers surrounding valve and forming a confluent mass in 
caecum. In upper colon there are masses of exudate from one- eighth to one-fourth 
inch in diameter, at least 20 to a square inch (Plate IV, Fig. 2); lower down fewer 
in number. They are roundish, convex, brick-red masses which may be easily 
lifted from a raw, slightly depressed surface; every one is surrounded by an injected 
border. The mucosa itself is of a bluish-green color. 

Lungs . — Right ventral lobe firmly and closely adherent to chest wall by a con- 
tinuous sheet of fibrous tissue. This lobe feels like a bag filled with hard round 
bodies. On section it is found filled with whitish homogeneous masses resembling 
hard cheese (Plate IV, Fig. 1) embedded in bright-red, hepatized lung tissue. Left 
cephalic lobe in the same stage. The remainder of the left lung contains groups of 
lobules recently hepatized. Cavities of heart as in preceding cases. 

Two rabbits and two mice inoculated in the ears with lung tissue without any 
result. 

Gelatine cultures from pleura remained sterile. A culture from the spleen con- 
tained several forms, one of which resembled the hog cholera bacterium. After 
isolating this, two mice were inoculated from a pure culture. Both died in seven 
days with lesions characteristic of this disease. 

The hog cholera germs were therefore present in this animal. The swine plague 
germ was not isolated, perhaps because the germs were too few. In such cases in- 
oculation on the ears of rabbits seems to fail, since only a minimum quantity of lung 
tissue comes in contact with the puncture. 

Whether the lung disease of this pig was contracted from the feeding must be 
determined from additional cases. 

No. 392 died from swine plague, with a few doubtful hog cholera lesions and with 
hog cholera bacteria in the spleen. The remainder of the exposed animals had no 
swine plague lesions, but death was caused by acute hog cholera.* 

The history of this animal is instructive, as it was inoculated from a culture of 
swine plague bacteria, which operation did not protect it from taking the disease 
subsequently. January 25, 1887, injected into each thigh about 2'^'^ from a beef 

*The next case of swine plague in this pen died June 29, over two months after 
tile death of No. 392. 
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infusloii peptone culture, one day old, of swine plag:ue bacteria, obtained from an 
Iowa outbreak. For several days after the hind limbs were stiff, appetite poor, but 
the animal fully recovered. March 2B, it was transferred with some others to a pen 
infected with swine plague and with hog cholera, as subsequent deaths showed. Two 
weeks after the animal began to fail and died April 20. 

Skin along median line of abdomen deeply reddened. Subcutis over same region 
and sides, and subperitopeal tissue dotted with numerous pale-red spots of extra- 
vasation. Liver cirrhosed, contracted, pale. Digestive tract , — Mucosa along greater 
curvature of stomach dotted with small extravasations. Near cardiac orifice a 
small diverticulum was found about 1 in j1i in diameter. In it were from fifteen 
to twenty yellowish-white excrescences, round, removed with difficulty, and leaving 
a raw, depressed surface (diphtheritic). Caecum and upper two-thirds of colon pig- 
mented. In the latter the summits of about seven transverse ridges were covered 
with a very thin sheet of necrosed tissue. 

The lungs are the seat of recent and extensive disease. The ventral and cephalic 
lobe and ventral region of principal lobe of both lungs, as well as the small azygos 
lobe, are airless, of a deep red, mottled with pale-yellowish dots as in former cases; 
these dots correspond to the alveoli filled with exudate^ 

The disease is farthest advanced in the ventral and cephalic lobes. Here the lung 
tissue is interspersed with hard, yellowish- white nodules, from the size of a pin’s 
head to that of a pea. Cover-glass preparations from the various diseased lobes show 
numerous forms of Imcteria, no one predominating. The remaining portions of the 
lungs on the dorsal aspect are oedematous; a frothy liquid rapidly fills up the section. 
Scattered over the entire surface of both lungs are subpleural ecchymoses. These 
are characteristic of hog cholera in its most acute form. 

The inoculations are given in the appended table and may be very briefly sum- 
marized. Plate cultures from lung tissue gave two forms, the bacteria of swine 
plague and streptococci, mentioned in former cases. A rabbit inoculated from a 
mixed culture of these two forms died in four days. The various cultures of int^nal 
organs of this animal contained the swine plague bacteria only. Another rabbit in- 
oculated from a pure culture of the streptococcus died in twenty days from an ab- 
scess due to the inoculation. Two mice inoculated with lung tissue di^. In one the 
bacteria of swine, plague were found in large numbers. Of three cultures of the 
spleen of the pig only caie became turbid. This contained hog-cholera bacteria only , 
as shown by the microscope and inoculation of mice. 

This pig had therefore the bacteria of two diseases, the lung lesions belonging to 
one, the various hemorrhagic lesions, ecchymoses, etc. , belonging to the other. 


f 

lung. 


2 mice April 23. 
died April 25, 27 
(swine plague) 


Pig No. 392. 


luiig. 


spleen. 


b. i. cult. April 23 
(hog cholera bacteria) 


plate eult. 


b. i. cult. Impure 
contains swine plague 
( bacteria and streptococci 

2 mice, April 29, 
died April 30, May 4 
(the second of hog cholera) 

rabbit April 30, 

• died May 3, 

(swine plague) 


b. i. eul 
streptococcus 


1 

alt. 


i 


rabbit Api 
died llfoy IB 


During March and April a few animals placed in the infected pen hi which 
virus of both diseases had been scattered no longer took swine plague, but suo 
cumbed to hog cholera, as the following notes clearly indicate: 

Pig No. 390, placed in the infected pen March 22, with pigs wdiich snbseqtE0®.tly 
died from lung disease as well as hog cholera. The animal died quite suddenly April 
6. On examination the spleen was found very large, due to engorgement with 
blood. A moderate number of hog cholera bacteria present. Fundus of stom^h 
considerably reddened. In the large intestine the mucosa is studded with irregular 
masses simulating ulcers; most of them seem to be adherent fecal masses. A 
when removed, leave a slightly depressed surface. Glands of meso-colon reddened; 
lungs normal, with the exception of a few scattered lobules, which are collapsed. No 
swine plague lesions observable. . 

The hog cholera bacteria were obtained in pure cultures from the spleen. T^ir 
specific nature was tested by inoculation into mice, both of which died on the fifth 
day with characteristic lesions. 
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Pig No. 386 was transferred to the infected pen at the same time. It became af- 
fected after a three weeks’ stay in the infected pen, and died of hog cholera April 15. 
From the spleen the specific bacteria were obtained as pure cultures, and inoculation 
into mice produced the characteristic disease. 

Pig No. 366 is another instructive case in which the two diseases were present. 
The animal had been put into a pen in which swine plague had to all appearance 
died out two months ago, but in which pigs were dying of hog cholera at intervals 
of a few weeks. 

This animal had been inoculated into the lungs through the chest wall on October 
30, 1886, with one-half*'*' of liquid culture of swine plague bacteria, obtained 
originally from Sodorus, 111. A pig inoculated subcutaneously at the same time 
died from its effects, but the former showed no signs of disease excepting a general 
unthrifty condition. The animal did not increase in size. As late as June 4, 1887, 
it was transferred to the pen above mentioned. It was injured by fighting with 
other pigs in the same pen June 21. Up to this time no change could be observed. 
It became very weak and died June 29, twenty-five days after exposure. 

Autop^ immediately after death. Skin slightly reddened over pubic region; 
lymphatics but very slightly enlarged and congested; spleen enlarged, friable. In 
the caecum and upper colon are from 12 to 15 small ulcers from one-quarter to one- 
eighth inch across. The mucosa itself is quite deeply congested. 

The whole pleural surface of lungs lightly glued to chest wall ; the attachment 
being readily severed, the pleura is found covered with a pale yellow exudate. The 
odor from the thorax is strongly putrefactive. The pericardium is thickened and 
everywhere adherent to the heart. The various lobes of the lungs are glued together 
by a scanty exudate. The ventral and cephalic lobe and the ventral (ventro-cephalic) 
portion of the principal lobe of each lung solidified. The remaining dorsal portion 
IS dark red, hypostatic. Trachea and bronchi filled with yellowish foam. 

The right cephalic and the ventral lobe have a yellowish-white appearance. On 
section the tissue is found transformed into a homogeneous mass cutting like dry 
cheese. These caseous masses are distributed as isolated nodules from the size of a 

E ea to that of a bean, or else in the form of a thick net-work including dark-red, 
epatized groups of lobules. The left cephalic lobe has not yet advanced to this 
caseous stage. In the left ventral lobe the process is begun as whitish arborescent 
lines with occluded bronchioles and alveoli. The thickened pericardium being re- 
moved, the surface of the heart was found covered by a firmly adherent deposit 
about 1 micromillimeter thick, villous, scraped away with difficulty. Over left 
ventricle a rather pale clot thick. 

These lesions indicated a severe form of swine plague. The intestinal ulcers 
pointed to the existence of hog cholera also. This was to be expected, since the pen 
was thoroughly infected with the latter disease. The bacteriological investigations 
demonstrated the presence of both micro-organisms, the bacteria of hog cholera in 
the spleen, those of swine plague in the lung tissue and pericardial cavity. 

Cover-^lass preparations from the hepatized lung tissue show immense numbers 
of bacteria, chiefly oval in form. A moderate number were found in the epicardial 
exudate. A rabbit and three mice were inoculated with a little semi-fluid matter 
scraped from a cut surface of the hepatized lung tissue, the former in the ear, the 
latter beneath the skin of the back ; a fourth mouse was inoculated from the epicar- 
dial exudate. The rabbit died in forty-eight hours, apparently well a few hours before 
death. At the point of inoculation on both ears a small abscess, the pus containing 
long spore-bearing bacilli. Intense peritonitis. A thin, whitish, pasty layer covers 
the hver, spleen, and caecum. The latter an(J portion of the colon covered thickly 
with subperitoneal hemorrhagic points and patches. Lungs oedematous. The per- 
itoneal exudate contained immense numbers of oval bacteria. In the blood none 
could be found. A gelatine tube culture from the former and a beef infusion cul- 
ture from the 'latter contained the characteristic swine plague bacteria. These had 
thus been isolated from the various putrefying forms by passing through the body 
of the rabbit. 

The three mice inoculated from liing tissue died, two on the second and one on 
the third day. The latter, owing to the great heat, was already decomposed, hav- 
ing died during the night. The blood of the other two contained only the swine 
plague bacteria ; roll cultures* made therefrom confirmed this. The fourth mouse 

* Roll cultures are made by coating the inside of test tubes with gelatine which 
has been inoculated with bacteria to be studied. For a description of the method 
see E. Esmarcfl, Zeitsckrift fur Hygiene J, 293. This more convenient method had 
to be used, owing to the very high temperature of the laboratory in summer when 
all cultures in gelatine had to be kept in a refrigerator or “ cold box.” The ordinary 
plate cultures occupy too much space. 
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died next day. A gelatine and a liquid culture were b»th pure, containing only 
swine plague bacteria. At the sajne time the presence of these bacteria in the peri- 
cardial cavity of the pig was demonstrated by roll cultures. The presence of swine 
plague bacteria in both lungs and pericardium was thus amply proved. The latter 
was also invaded by other bacteria, a vibrio and a streptococcus being among the 
number. 

Although microscopical examination failed to reveal any bacteria in the spleen of 
this animal the characteristic motile hog-cholera bacteria were obtained from it in 
both gelatine and liquid cultures. The colonies in the gelatine tube were very few 
in number. Two mice inoculated therefrom died rather prematurely in twenty- 
four and forty-eight hours, respectively, with the specific bacteria in the spleen. 


Pig No. 366. 


lung tissue 


rao 


pericardial exudate 


•bit (ear) June 30 
died July 2. 
(swine plague) 


3 mice 

died July 2, 3 
(swine plague) 


spleen 


I 


mouse, June 30 I 

died July 2 | 

(swine plague) b. i. cult. 

(hog cholera) 


1 


mice July 7 
died July 8, 9 
(prematurely) 


gel. cult. 

L 

b. 1 . cult, 
hog cholera 


Within several days of the death of this animal two pigs which had been placed 
in the same pen died of acute hog cholera, without any hepatization of the lungs. 

Pig No. 414 was placed in the infected pen June 21, for the purpose of keeping up 
the disease of hog cholera, which was apparently dying out. The animal died July 
6, after appearing dull for a few days. At the autopsy the lymphatic glands were 
found but slightly affected, spleen enlarged and very much congested. Lungs 
normal, excepting a few subpleural petechioe. Caecum and colon covered with a 
large number of ulcers, the mucosa of the latter intensely congested. The same 
was true of the greater curvature of stomach. Very few hog cholera bacteria in 
spleen. A pure culture was obtained therefrom. 

Pig No. 416, put into the infected pen with No. 414, showed signs of disease July 
4, and died on the same day. Skin of abdomen deeply reddened. Lymphatic 
glands with cortex hemorrhagic. Spleen very large and gorged with blood. 
Lungs and heart normal, with exception of a few subpleural ecchymoses. Numer- 
ous petechise on smTace and in parenchyma of kidneys. Light hemorrhage into 
pelvis. Numerous subperitoneal ecchymoses on the large and the small intestines. 
Besides a general congestion of the mucosa of the latter there are a few small re- 
cent ulcers in caecum and colon. Hog cholera bacteria quite numerous in cover- 
glass preparation from spleen. A pure culture obtained therefrom. 

These three cases show that in the same pen two animals may be in contact with 
a third which has very extensive lung disease and not take the disease. It is barely 
probable that the period of exposure to the living animal, about eight days, was 
too brief a time for the transmission of the disease, or else the time elapsing between 
the exposure to this disease and the death of the animals from acute hog cholera 
was too short to allow the lung disease to make its appearance. We know as yet 
too little of this disease to offer anything but opinions concerning its origin and 
communicability. 

The source of the lung disease in the first animal (No. 366) is likewise very 
puzzling, when we consider that a number of animals had died of hog cholera 
without any sign of lung disease. 


BRIEF SUMMARY OF THE FACTS OBTAINED FROM THIS EPIZOOTIC. 

■v ^ 

In the fifteen animals which died there was extensiye disease of 
the lungs, excepting in the first (No. 406), which was very likely a 
case of hog cholera. In most of these the pleura was also involved. 
In the earliest four cases, excluding the first (Nos. 403, 402, 405, 407), 
there were lesions of the large intestine, of the character of an exu- 
date, of a partly croupous, partly diphtheritic character. In the two 
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;ucceeding (ISTos. 408*, 409) there were ulcerations, shallow hut ex- 
tensive, differing from the more penetrating hog cholera ulcers. In 
the remaining cases (excepting hlo. 396) the intestinal' lesions con- 
sisted of extravasation, pigmentation, and ulcers whicl> were very 
likely hog cholera ulcers. In No. 396 the croupous exudate i)re- 
ponderated. 

As regards the bacteriological examination, the first case (No. 406) 
was not examined. Of the remaining fourteen, nine contained swine 
plague bacteria. These were obtained either directly from the pleural 
exudate or from rabbits and mice by inoculating them from the dis- 
eased lung tissue. Of those from which no swine plague bacteria 
were obtained it will be noticed that the lung disease was far ad- 
vanced. The lung tissue was either converted en masse into a 
waxy homogeneous mass like cheese, or else the latter was sprinkled 
through the lung tissue in smaller masses. It must also be remem- 
bered that the absence of swine plague bacteria should not be in- 
ferred from the inoculation of a minute quantity of diseased lung 
tissue. It seems, however, very probable that in this advanced stage 
of degeneration the original pathogenic bacteria have been in greater 
part destroyed. In the later cases (Nos. 409, 372, 397, 396, 392, 366) 
hog cholera bacteria were also present, as determined by culture and 
inoculation experiments. 

How can we interpret these results ? Swine plague in a very acute 
form had attacked the herd, and in earlier cases this disease appeared 
in an acute uncomplicated form. This is indicated by the peculiar 
intestinal lesions (Nos. 403, 402, 405, 407). The two succeeding cases 
(Nos, 408, 409) were more advanced and less severe; the intestinal 
ulcers, shallow and broad, were the result of the diphtheritic exudate, 
which had passed away. The lung tissue was in part dead. In the re- 
maining cases the characteristic swine plague lesions disappear from 
the intestine, and the lungs show a more advanced state of cheesy de- 
generation. The progress of the disease from a very acute to a chronic 
form, due most likely to a gradual degeneration of the virulence of the 
bacteria, is thus very well illustrated. In these later cases hog cholera 
bacteria are found in the spleen, and more rarely in the thoracic 
organs. The last cases died of acute hog cholera, with lungs normal. 
The exact part which the hog cholera bacteria played in the last 
swine-plague cases can not be formulated. It seems to me that they 
were an attenuated variety which found a place in the organisms 
because the latter were diseased, and that they grew in virulence 
until they were able to produce (a month later) the acute hemor- 
rhagic form of this disease. There seems to be nothing so convincing 
of the gradual increase and decrease in the virulence of these two 
species of bacteria as the careful observation of a single epizootic 
from the beginning to the end. The mechanism of this change of 
virulence is important enough to warrant prolonged study. 

There were a few cases that deserve special mention. Nos. 405 and 
407 (Plates I, II) were perhaps the most typical of the acute, un- 
complicated form of the disease. No. 410 is instructive, in that the 
disease seems to have spent its force chiefly upon the skin, leaving 
the lungs comparatively intact. The large size of this animal (the 
largest that died) may perhaps account for the shifting of the dis- 
ease to the skin. 

The introduction of hog cholera after the appearance of swine 
plague was most likely due to the case first reported in these pages 
(No. 406). 
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ATTEMPTS TO PRODUCE SWINE PLAGUE WITH PURE CULTURES. 

A number of experiments were made which were designed to 
demonstrate, if possible, the specific nature of the bacteria obtained 
from diseased lungs. A reproduction of the disease after the intro- 
duction of the bacteria contained in pure cultures into the lung tis- 
sue itself must be regarded as conclusive evidence. 

The following means of infection w^ere tried: 

(a) By exposing pigs to a spray of culture liquid . — February 17 
Nos. 398, 400 were placed in a tight box, 3 by 4 by 2 feet, with a 
glass top. A spray was allowed to play into the box from an atom- 
izer, the nozzle of which was introduced through a small hole in the 
side near the top of the box. The spray thus played across the top 
of the box, and was continued for two hours on two consecutive 
days, 300^*^ of culture liquid being used each time. The culture 
was an infusion of beef, in which the swine plague bacteria (from an 
Iowa outbreak) had multiplied at 95“ F. for two days. For several 
days after respiration was somewhat labored, and for nearly a week 
they ate very little. Subsequently, however, they fully recovered. 

Nos. 393, 394 were exposed March 3 to a spray in the manner de- 
scribed. The culture was made in beef infusion and was one day 
old. The swine plague bacteria were from the W ashington outbreak. 
The spraying was continued for one and one-fourth hours, several 
hundred cubic cemtimeters (about one-half pint) being used. No 
symptoms of lung disease followed the spraying. No. 393 was killed 
April 28, nearly two months later, and found perfectly sound. No. 
394 was exposed to hog cholera April 30, and died of the acute hemor- 
rhagic form, of this disease May 17. The lungs were not hepatized but 
dotted with numerous subpleural petechiee, characteristic of acute 
hog cholera. 

Spraying and feeding cultures both had thus far j3roved ineffectual 
in reproducing any lesions in the lungs or the intestinal tracts. Other 
modes of introducing the virus were therefore tried. 

(5) Two pigs (Nos. 383, 385), one of which had been fed with hog 
cholera and the other with swine plague cultures December 19, 1886, 
were perfectly well March 16, on which day 5""^ of a liquid culture 
of swine plague bacteria was injected into the trachea of each. Owing 
to the thick layers of fat in the neck, intratracheal injection could 
only be practiced by cutting down to the trachea, raising it with the 
finger, and then introducing the needle of the hypodermic syringe. 
After the operation the animals were dull and refused feed for one 
or two days; after that they were fairly well. The incisions mean- 
while healed up. April 28, nearly one and one -half months after the 
inoculation, No. 385 was killed. The organs were normal; no lung 
disease manifest. No. 383 was exposed to hog cholera in an infected 
pen April 19, more than a month after the tracheal injection. It had 
been apparently well during this time. It died May 11 of acute 
hemorrhagic cholera. The autopsy notes being recorded elsewhere, 
it suffices to state that the lungs were covered, as is common in this 
disease, with large subpleural ecchymoses. There was no hepatiza- 
tion suggesting swine plague. On April 4 two pigs (Nos. 389, 401) re- 
ceived into the trachea each 5*^^ of a beef infusion culture of swine 
plague bacteria about two days old. On the following day both were 
well. On April 27 No. 389 was killed and found healthy. No. 401, 
killed April 28, had likewise remained unaffected by the inoculation. 
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(c) At the same time, and with the same culture with which Nos. 
383 and 38o were inoculated, two pigs (Nos. 352, 388) were inoculated 
directly into th^ lungs through the chest wall. No. 352 received 
into the right lung with a hypodermic syringe, the skin having been 
previously disinfected with a one-fifth per cent, solution of mercuric 
chloride. No. 388 received 5^^ in the same way. Both animals lost 
the use of their limbs, especially the posterior, within a day after the 
operation, remaining more or less paralyzed until the animals were 
killed, April 26. In the meantime they ate but little, while there 
were no symptoms directly referable to lung disease. Shortly be- 
fore they were killed they had almost gained control of their limbs. 

Autopsy of No. 352, — Bight lung firmly adherent to chest wall and 
diaphragm by means of dense, fibrous tissue. Left lung adherent in 
a few places. On the lateral aspect of the left lung an oval mass as 
large as a small fist was found inseparably attached to it. This mass 
fluctuates, and when cut consists of a dense fibrous wall one-eighth 
inch thick, its inner surface of a deep red. The contents of this sac 
were of a putty-like consistency, greenish white, surrounded by a 
turbid fluid containing small flakes. The mass consisted of degen- 
erated pus corpuscles, in which were disseminated the swine-plague 
bacteria in moderate number. The lung tissue was merely com- 
pressed by the tumor-like mass and not diseased. A gelatine tube 
culture inoculated from the caseous contents of the abscess contained 
an immense number of colonies of swine plague bacteria in each 
needle track. The absence of other micro-organisms proves that the 
abscess was the result of the presence of the injected bacteria. The 
other organs were normal. Cultures from the spleen remained sterile. 

In No. 388 the pleuritic adhesions of the right lung are the same; 
the left lung free. Along the lateral edge of the principal k>be of 
the right lung are two tumors, one as large as a horse-chestnut, the 
other, contiguous with it, about the size of a marble. The walls and 
contents as in 352. A liquid and a gelatine tube culture from the 
contents contain the swine plague bacteria only. In the latter the 
colonies were innumerable in each needle track. The bacteria had 
therefore not only lived for forty-one days, but had multiplied enor- 
mously, causing the lesions described. 

On January 25 Nos. 391 and 392 received into the subcutaneous 
tissue of the thighs 4^® of a beef infusion peptone culture about 
twenty-four hours old. The swine plague bacteria were obtained 
from an Iowa outbreak reported in 1886. 

No. 391 became lame soon after, probably from handling. Its ap- 
petite, poor at first, was restored after a week, February 18 it was 
killed, but no lesions were found, excepting circumscribed abscesses 
on the thighs at the points of inoculation. 

No. 392 has been dwelt upon in the preceding pages. It did not 
show any symptoms referable to the inoculation. When exposed in 
an infected pen it died, being found with extensive disease of the 
lungs. Hence the inoculation was in no sense protective. 

Pig No. 387, after a fast of more than twenty-four hours, was fed 
March 8, with about 200""^^ of a beef infusion culture of swine plague 
bacteria, the culture being about three days in thermostat at 95° F. 
No disturbance whatever followed this feeding. The animal was 
subsequently exposed to hog cholera (April 19) and died of the acute 
form of this disease. 

There is nothing to be added to the description given in the pre- 
ceding report of the Bureau of the microscox^ic and biological char- 
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acters of the microbe of swine plague as obtained from the various 
outbreaks. There is, however, a very marked difference observable 
in their pathogenic effects. The organisms obtained from Sodorus 
and Geneseo, 111., in the summer of 1886, both acted alike, while those 
from Iowa and from the District of Columbia, studied in the winter 
of 1887, also acted alike, but different from the two former. In the 
preceding report a number of cases are cited in which subcutaneous 
injections of cultures from the two first sources produced in pigs a 
very marked sclerosis of the liver, with pronounced icterus. Neither 
the organisms injected nor any other were found in the organs after 
death. Fowls were also killed by large doses and presented exten- 
sively local lesions. The organisms from the two latter sources had 
no effect upon pigs when injected hypodermically, even when very 
large doses were given. Fowls were likewise undisturbed after in- 
oculation. On rabbits the difference was also noticeable. Inocula- 
tions of bacteria from the first class usually produced an extensive 
plastic peritonitis, lasting nearly a week before the animal succumbed. 
Inoculations of bacteria from the second class produced invariably 
a septicaemia, fatal within twenty-four to seventy-two hours. Per- 
itonitis was either absent or barely manifested. Whether this dif- 
ference is due to an inherent difference in the bacteria or to surround- 
ing circumstances, such as temperature, attenuation due to cultiva- 
tion, etc., can not be determined at present. 

REMARKS ON THE CAUSATION OF SWINE PLAGUE. 

The difficulties attending investigations of diseases which have 
their seat in the lungs, and which are presumed to be caused by spe- 
cific bacteria, are due to the accidental presence of various other 
parasites. The air, as it is drawn into the lungs, carries with it the 
organisms suspended in it. From the mouth, which contains many 
bacteria, some may be carried accidentally into the air-tubes with 
the saliva or food. 

When disease germs have obtained a foothold and produced a de- 
struction of tissue or an infiltration by which the vitality of the tissue 
cells has been greatly reduced, other bacteria may also gain a foot- 
hold and multiply, although this may have been impossible in a nor- 
mal lung. 

In examining sections of diseased lung tissue different forms were 
found, no two lungs showing the same micro-organisms. Among 
those which were found several times was a streptococcus, appearing 
in the alveoli in the form of long chains. These chains were im- 
bedded in the mass of cells which filled the alveoli. In some sec- 
tions groups of cocci, in others masses or bacilli were observed. 
Finally in the early stages bacteria were very scarce, and if the dis- 
ease ran a very rapid course only the bacteria, which we regard as 
the cause of this disease, were present in large numbers. When por- 
tions of the lung tissue died and then appeared as homogeneous 
masses imbedded in diseased but still living tissue, bacteria of every 
description could be observed in these dead masses and the lung itself 
usually emitted a putrefactive odor. 

In flae interpretation of these sections under the microscope we 
must be very careful in assigning any particular role to the bacteria 
present. Most of them are there because of the previously existing 
disease, which, so to speak, prepared the soil for them. In the second 
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place the bacteria, which are in reality the cause of the disease, may 
be present only at a certain stage of the disease, being subsequently 
destroyed by the cells as the lungs heal, or giving away to accideiital 
forms as the disease progresses. , We must bear in mind wuli refer- 
ence to the second alternative that pathogenic bacteria must suffer 
by the gradual changes which they themselves induce. Thus in the 
early stages they undoubtedly live and multiply inthe exudate which 
is contained in the alveoli. When this becomes more and more con- 
solidated, and as the ultimate bronchi are occluded by exudate, the 
bacteria are being deprived of nutriment and oxygen. The tissue 
dies, and with it the bacteria originally causing its death ; other bac- 
teria more adapted to the conditions now prevailing get a foothold, 
until the entire lung becomes a prey to many kinds of bacteria. 

A well-known illustration may be cited in support of these asser- 
tions. The tubercle bacilli, which may be seen in sections of young 
tubercles, cannot, as a rule, be found in the caseous mass which forms 
later on in the center of the enlarging tubercle. Inoculations of 
blood serum with such material are apt to prove failures, and if it 
were not that inoculation into guinea pigs is almost invariably suc- 
cessful we might presume that the bacilli had perished. The fact is, 
the bacilli, finding no suitable conditions of growth in the caseous 
mass, would perish if it were not that they have the capacity to form ' 
spores under such circumstances. These spores, which may fail to 
germinate on blood serum, find a more suitable medium in guinea 
pigs, where tliey soon give rise to a generalized tuberculosis. 

The problem to be solved, therefore, was to isolate the specific bac- 
teria which are the cause of the disease from the rest. The method 


pursued was to introduce minute bits of diseased lung tissue beneath 
the skin of rabbits and mice. If the specific bacteria are present 
they will in all probability cause the death of the inoculated ani- 
mals. They will then be found in one or more of the internal organs, 
from which they can be obtained free from the other bacteria. These 
will remain restricted to the place where they were deposited. This 
method of obtaining disease germs has been used by other investi- 

g ators, more particularly by Scluitz, in the study of swine plague in 
rermany, and more recently in investigations of infectious pneumo- 
nia in horses. A resume of this work on the bacterium causing 
swine plague has been given in the preceding report of the Bureau in 
connection with the preliminary investigations made last year of 
American swiiie plague. The facts in the case are briefly as follows; 
It was found that in the majority of cases, ivhen bits of diseased lung 
tissue were placed beneath thq skiji of rabbits and mice (or simply 
rubbed into any slight prick made on the ear with a lancet), a scepti- 
caemia appeared with Avhich the bacteria described in the preceding 
report were always and exclusively associated. Rabbits are more 
susceptible than mice, and die in from one to four days after inocula- 
tion. By this means pure cultures of the same bacteria were obtained 
from most of the cases reported in the preceding pages. This was 
therefore the only microbe present whicli was cajiable of destroying 
the smaller experimental animals. 

It may be argued that bacteria obtained in this way may be acci- 
dentally present in the diseased lung tissue, and that the bacteria 
which are the real cause may not produce any disease whatever in 
the experimental animals. Witiiout entering at present into any 
detailed statement of the other arguments in favor ot this bacterium 
as the cause of swine plague we may state that most of the bacteria 
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which produce diseases in the higher animals are fatal to mice or 
rabbits or guinea pigs, or all three. W e need only to mention anthrax, 
black quarter, tuberculosis, fowl cholera, rouget among swine, hog 
cholera, glanders, the German swine plague, and infectious pneumo- 
nia in horses. And the converse may also be assumed as true that 
any bacteria which are harmless to these experimental animals are, 
as a rule, not the cause of virulent diseases among higher animals. 

In one of the cases given in the preceding pages in which the dis- 
ease had involved the pleura, pure cultures of this bacterium were 
obtained from pleural effusion, while it was obtained from the lung 
tissue by inoculating rabbits with bits of the tissue as abo ve described. 
This case, therefore, is worth a host of negative ones, for we can not 
but believe that if the disease enters a closed cavity, like that of the 
thorax, the bacterium there found exclusively is the cause of the 
process. In a subsequent case the same organism was obtained from 
the diseased pleura, but mingled with two others, a chromogenous 
bacillus found in cases of hog cholera several years ago, entirely 
harmless, and the streptococcus already mentioned. The lungs in 
this case emitted an unpleasant odor. 


The streptococcus was isolated after much difficulty and more carefully examined. 
It requires a higher temperature for its growth on gelatine, so that platies made 
during the winter months were as a rule unsuccessful. It grows quite well in 
nutrient gelatine at a .ternperature of 75° to S0° F. The colonies in the depth of 
the gelatine are spherical, whitish; the surface growth is very scanty. In liquids 
the growth is quite peculiar. /The culture liquid remains entirely clear, but a num- 
ber of white flakes appear usually in the bottom of the tube, occasionally on its 
side when the tube remains in an inclined position. These flakes do not grow 
larger than 1™ to 2”^™ in diameter. Under the microscope they are seen to consist of 
masses of interlacing chains of cocci. This accounts for the permanently limpid 
condition of the culture fluid. It serves at the same time as an important aid in 
determining the purity of a culture. This description applies to beef infusion. 
When 1 per cent, peptone is added the flakes are much larger and the deposit be- 
comes quite abundant.' The liquid remains clear. They do not grow on potatoes. 

When milk is inoculated its appearance remains unchanged. 

In sections of the lung tissue they are brought out very neatly by Gram’s method, 
and the chains can be readily followed by focusing as they wind through the cel- 
lular exudate in the alveoli. This property of retaining a deep-blue color after the 
application of iodine solution is retained by the cocci when under cultivation. The 
individual cocci are slightly oval, the longer diameter being about 8 micromilli- 
meters. They strikingly resemble the bacteria causing swine plague in exhibiting 
two stained extremities joined together by a median, unstained, very narrow zone. 
They are, however, very readily distinguished from swine plague bacteria. The 
latter are much smaller, do not retain the stain when treated according to Gram’s 
method, and never appear in chains. The uncolored zone may be looked upon as 
a stage in the process of division of a single coccus into two cocci. 

The pathogenic power of this organism was tested by inoculating one-twelfth^*" 
of a pure, liquid culture subcutaneously into two rabbits and two mice. Both mice 
were found dead on the morning of the second day. One, being partially decomposed 
owing to the heat during the night, was not examined. In the other there was at 
the point of inoculation a slight, reddish, serous infiltration containing numerous 
streptococci. There were a moderate number in the spleen and blood from tlie 
heart. In a gelatine tube culture made from the latter a number of colonies of 
streptococci appeared after a few days. In the beef infusion tube a small number 
of minute wffiite masst's appeared, after three days floating, in a perfectly limpid 
liquid. These were made up of interlacing chains of cocci. The two rabbits re- 
mained well. When killed after fifteen days one of them was found infested with 
cysticerci. There was a small, softened, whitish mass in the muscles of the thigh 
at the place of inoculation. The second rabbit, ijerfectly well up to the twenty- 
fourth day, was then inoculated ou both ears wdth a bit of lung tissue from swine 
plague, to which it succumbed in a few days. 

Cultures of this microbe were injected beneath the skin, into the thorax, and into 
the trachea of pigs without causing aii}" disturbance. It therefore had but slight 
pathogenic properties, and no further attention was paid to it. It may be that |t 

the streptQCOccus pyogenes found occasionally in abscesses, 
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In some cases when the powers of life are much rednced and the 
destruction of the lungs is far advanced, the same bacteria which are 
found entering the pleural cavity may appear in the blood, spleen, 
and other organs. This was true of iSTo. 392, in which the chromo- 
gene there mentioned was found in the spleen as well as in the pleu- 
ral cavity. In a considerable percentage of the cases given, anaero- 
bic bacilli were found in the cultures from the internal organs. These 
microbes may have gained entrance by way of the digestive tract 

K or the diseased lungs in the form of spores and developed un- 
e peculiarly favorable conditions. Death usually takes place 
by a paralysis of the respiratory function (asphyxia); the right ven- 
tricle and large vessels are filled with large thrombi. The system 
being thus slowly but completely deprived of its oxygen anaerobic 
bacteria may multiply and appear in cultures. They seem to be bu- 
tyric bacilli, judging from the odor emitted by the cultures. These 
bacilli carry on a feeble existence in the lowest strata of liquid cult- 
ures and die out very soon. 

The presence of the bacterium of swine plague in animals having 
hepatized lungs has been proved in several outbreaks, some of which 
have been dwelt upon in the preceding report of the Bureau. They 
may be summarized briefly as follows: The specific microbe was ob- 
tained from the spleen at Geneseo, 111., July, 1886; from the pleural 
cavity (as a pure culture) of a pig at Sodorus, 111., September, 1886; 
from lung tissue (by inoculation into rabbits) sent from Iowa, Jan- 
uary, 1887; from a considerable number of cases fully described in 
this report, studied at the experiment station of the Bureau during 
the winter of 1887. In all of these cases hepatization of the lungs 
was present. This organism has never been obtained in cultures 
from several hundred cases of hog cholera in which extensive lung 
disease was absent. 

The final proof of the causal relation between a given microbe and 
a disease having definite pathological characters can only be brought 
by actually reproducing the disease in healthy animals with pure 
cultures of the given microbe. 

In the experiments made with this in view, and detailed in the pre- 
ceding pages, cultures were introduced into the lungs through the 
trachea, and pigs were exposed to the spray of liquid cultures. In 
none of these experiments was the disease reproduced. In two cases, 
however, the injection of a few c. c. of culture liquid into the thorax 
produced large abcesses, the contained pus being of a semi-solid 
caseous consistence. The presence of the injected bacteria only in 
immense numbers proved them to be the cause of these changes. 
These two cases are by no means positive, but very presumptive evi- 
dence that the microbe under consideration is the true cause of swine 
plague. 

There are several reasons why this microbe may not produce the 
disease when introduced into the lungs by way of the trachea. There 
may be a rapid attenuation in artificial cultures. But more plausi- 
ble than this is the theory that in this, as in perhaps the great ma- 
jority of lung diseases, the specific bacteria can not gain a foothold 
unless there be some disease already existing which has been pro- 
duced by exposure or parasites, or both. It is a well-known fact that 
it is more difficult to produce diseases of a general character like an- 
thrax by introducing virus through the trachea into healtby lungs 
than by subcutaneous inoculation, as the air passages are well pro- 
vided with means fpr resisting the entrance of foreign particles. 
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Schiitz, in his investigations of swine plagne in Germany, was able 
to reproduce the disease by exposing pigs to the spray from culture 
liquids simply because he had a more virulent microbe to deal with. 
He produced, for example, a general septicemia in pigs by the sub- 
cutaneous injection of cultures. I^umerous subcutaneous inocular 
tions made with cultures at the experiment station of the Bureau 
have in no case produced septicaemia. We must not expect any 
microbe to grow in the blood and internal organs of healthy inocu- 
lated animals when it appears there only in rare instances and in 
very few numbers in animals spontaneously affected with the specific 
lung disease, and moreover with the whole system greatly debilitated 
thereby. In his investigations of infectious pneumonia in horses 
Schiitz* reproduced the disease with cultures of the specific microbe by 
direct in j ection of culture liquid into the lungs through the walls of the 
thorax. In a second experiment made by spraying a large quantity 
of culture liquid through a tracheotomy tube directly inta the 
- bronchi the lesions found on killing the animal proved less positive. 

Careful observations of the lungs in pigs which have died of hog 
cholera, of those which have been killed, apparently in good health, 
and of those of very young animals which died of exposure or lung 
worms, lead us to conclude that unless the bacteria of swine plague 
happen to be of exceptional virulence, some slight lung disease, such 
as atelectasis or lobular broncho-pneumonia, must furnish the starting 
point from which the remainder of the lung tissue is attacked. In 
the preceding article on hog cholera this has been dwelt upon more 
at length. There it has been shown that in at least one season of the 
year, the fall, collapse and lobular pneumonia, lung worms, and bron- , 
chitis are very common in young animals. When an epizootic is very 
severe, and such seem to be quite rare, the healthy lungs of even 
adult animals may be attacked. Of this state of affairs the epizootic 
described furnishes a good illustration. 

SOME OBSERVATIONS ON THE GENERAL CHARACTER OF SWINE 

PLAGUE. 

To understand the character of this disease, its mode of invasion 
and particular seat, a brief description of the pig’s lung is necessary: 

When inflated through the trachea after the sternum is removed, and while it is 
still in its natural position in the thoracic cavity, it will be observed that the surface 
resting against the ribs laterally is the most extensive. That surface resting upon 
the diaphragm comes next, while the ventral aspect is the smaJlest. 

The right lung is made up of four lobes; the left has only tliree. (In text-books 
on anatomy the left lung is considered as being made up of only two. ) 

In both there is a large principal lobe resting upon the diaphragm and against the 
adjacent thoracic wall. This lobe forms the major part of eacJi lung. The remain- 
der, occupying the anterior (or cephalic) portion of the cavity, is made up of two 
small lobes, one extending ventrally (or downward in the standing position of the 
animal) and in the expanded state covering the heart laterally, the other extending 
towards the head and overlapping the base of the heart. These small lobes may be 
denominated the ventrn-1 and cephalic lobes, respectively. The right cephalic lobe 
is longer and more distinct from the ventral lobe than the corresponding left ce- 
j)halic. Wedged in between the two princix:>ai lobes and resting on the' diaphragm 
is a small lobe, joyramidal, belonging to the right lung (azygos lobe). This lobe 
rests on the left against the mediastinal membrane, and on the right it is separated 
from the right principal lobe by a. fold of the pleura passing from the ventral ab- 

* Die Ursache dor Bmstseuche der Pferde. Archiv flir pedhologische Anatomie 
(1887) evil, p. 05G. Archiv fiir wissenschaftliche und praktische Thierheilkunde 
(1887) XIII, p. 38. 
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dominal wall to inclose the inferior vena cava. This small lobe is almost completely 
shut olf, therefore, from the other lobes by folds of the pleura. 

When the trachea and its branches have been examined it is easier to understand 
this division into lobes. The trachea divides in the thorax into two principal 
branches or bronchi. These bronchi pass into the principal lobes, straight to the 
caudal border, giving off a number of small branches along their course. Very 
near the place of bifurcation the left bronchus gives off a large branch, which rami- 
fies in the substance of the left ventral lobe. l1*om this branch another goes to the 
cephalic lobe. In some lungs the branches for these two lobes arise together by a 
very short, scarcely perceptible trunk, and are of nearly equal size. The bronchial 
supply of the right lung differs materially from that of the left. About from 
the bifurcation the trachea gives off a small bronchus, which supplies the right ce- 
phalic lobe exclusively. At the bifurcation the right bronchus sends a branch to 
the ventral lobe. A short distance from this the same bronchus sends a short branch 
to the small median or azygos lobe. 

These brief remarks will be sufficient to give a general idea of the 
gross anatomy of the pig’s lung. The manner in which the air tubes 
branch gives us a clue as regards the invasion of the disease itself. 
The bacterial virus entering the trachea first enters the air tubes 
supplying the ventral and cephalic lobes. These become consolidated. 
It t hen enters the air tube of the small median lobe^ and then it in- 
vades the' smaller branches of the principal lobe nearest the trachea. 
This is the farthest point to which we have seen the disease advance 
before the animal succumbed. 

A careful inspection of the autopsy notes will show that this is the 
course of the invasion. No case has yet come to our notice in which 
the ventral lobes were normal, while the principal lobe was in part 
consolidated. In many of the cases the disease was cut short by the 
death of the animal before it had reached the principal lobe. It would 
be interesting to know whether or not the right cephalic lobe, which is 
the first to receive its bronchus, and moreover directly from the tra- 
chea, is first affected. It is difficult to decide this matter, as the ani- 
mals do not die until the disease has made some headway. It is a 
matter of common observation that in collapse and catarrhal condi- 
tions the ventral lobes are chiefly involved. But there is another 

P eculiar feature which will explain the location of the disease much 
etter. When the lungs are taken from the thorax and held in the 
position which they occupy in the standing animal, the line of demar- 
cation between the diseased and healthy lung tissue is nearly hori- 
izontal, all below this being consolidated. If gravity has any influ- 
ence upon the virus in selecting its place of attack, we should expect 
to find the ventral lobes first involved, next the cephalic, and lastly 
the ventral portions of the principal lobes and the median lobe. This 
course is nearly the same as that given above when the bronchial sup- 
ply was discussed. W e have not yet seen lungs in which the upper- 
most portion of the principal lobes, i, e,, on either side of the verte- 
bral column, was involved. When the disease progresses it is upward, 
i. e., towards the back-bone of the animal, invading the still spongy 
tissue by lobules and groups of lobules. 

If we put together the facts brought out in the preceding pages 
we can construct a theory as to the manner in which the virus enters 
the lungs. The course of the invasion shows that the virus is not 
inhaled with the air, that it is not suspended in the air as a living 
germ, otherwise it would be difficult to explain the peculiar localiza- 
tion and the slowly progressive nature of the disease. A virus im- 
bedded in some liquid vehicle will perhaps explain all the facts most 
satisfactorily. Its slow movement from bronchus to bronchus, its 
limitation by gravity to the most dependent portions of the lungs at 
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first, and its extension upwards as it gains upon the vitality of the 
lung tissue, all accord with this theory. At the same time it har- 
monizes with the fact that the microbe causing the disease can not 
survive drying for even a single day. 

In this disease the lungs are primarily the seat of the virus, and in 
them the greatest changes are observable. The lesions are those of 
a broncho-pneumonia. The pleura is secondarily involved over the 
seat of the disease when this extends to the surface of the lungs. 
The great variety in the appearance and extent of the lesions as 
manifested in different case^ may be brought together under a few 
heads for description. 

The most severe types of disease are encountered at the beginning 
of an epidemic, and may be conveniently denominated acute. Plates 
I and II 'are illustrations made from the right lung of pig Xo. 407^ 
described in the preceding pages. As may be seen, there is exten- 
sive pleurisy accompanying the pneumonia. The disease is charac- 
terized by a solidification of the ventral, cephalic, and median lobes, 
and a portion of the principal lobe, usually of both lungs. The dis- 
eased lobes are moderately expanded, so that the thorax seems almost 
filled up with lung tissue when the sternum is removed. The hepa- 
tized portion has a bright blood-red color, when viewed from the 
surface, as well as on section. The surface in niaiw cases has a 
peculiar mottled aspect, shown in Plate III, Fig. 2. The bright-red 
ground is dotted with closely set, grayish-yellow points, arranged 
quite regularly in groups of four, occasionally of three. These points 
are not sharply defined, but hazy. When examined with a lens this 
haziness is well marked. This grayish mottling does not. appear 
everywhere on the diseased lung, but only upon some lobes, and then 
with striking clearness and uniformity. These points no doubt are 
the terminal air sacs, or infundibula distended with the cellular ex- 
udate. The more leucocytes in the exudate the whiter the injection 
will appear through the translucent pleura. The -occlusion of the 
air .cells and bronchi by catarrhal products and the mottling due to 
it may, however, be seen in lungs free from swine plague bacteria 
(simple broncho-pneumonia). The bacteria are found imbedded in 
the cellular masses, which occlude the alveoli. The disease involves 
the terminal air tubes, as they are frequently found packed with 
cells. The larger bronchioles and btonchi are the seat of catarrhal 
changes. The lumen of the tubes is filled with a muco-purulent se- 
cretion, usually containing large numbers of bacteria. 

The foregoing may be regarded as the early stages of the disease 
proper. When' the invasion is thus extensive and takes place sud- 
denly, the animal speedily succumbs before the disease has had the 
opportunity of entering upon the more advanced stages. But in per- 
haps the majority of animals the disease progresses very slowly. 
It may be that only the ventral lobes are attacked at first, and then 
only in certain limited areas. The surrounding tissue becomes hyper- 
semic and often consolidated. The areas first attacked become con- 
verted into homogeneous greenish or yellowish-white masses, sharply 
defined from the surrounding tissue. They cut like ordinary hard 
cheese, and on microscopic examination are found to be made up of 
dead lymphoid cells and bacteria of all kinds. The process of case- 
ation IS without doubt caused by the packing of the respiratory tis- 
sue with cells, by which the capillaries are compressed and ail food 
supply cut oil. The caseous foci vary from the size of a small pea 
to that of a marble or horse-chestnut. (Plate IV^ Fig. 1.) They are 
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usually round, rarely irregularly elongated. They are occasionally 
present in such numbers that the affected lobe feels like a bag filled 
with small /marbles. It is highly probable that now and then the 
pathologic process may go a step farther. The caseous mass may be 
separated by secondary suppurative processes from the living tissue, 
soften, and be discharged through a bronchus, leaving an irregiilar 
cavity. We have seen but once what appeared to be cavities in a 
piece of lung sent to us from the west. 

A few lungs have come to our notice in which this process of slow 
necrosis was not limited to groups of a few or more lobules, but had 
involved the entire lobe uniformly. The tissue was completely air- 
less and bloodless, of a homogeneous consistency, cutting like cheese, 
yellowish, with a semi-translucent, waxy luster. 

In distinction from the acute type of this disease, the process end- 
ing in caseation may be regarded as essentially slow and chronic, It 
may either be due to a diminished virulence of the bacteria or to a 
greater resistance on the part of the lung tissue. The former suppo- 
sition seems to us nearer the truth, and there is much other evidence 
which points to a rapid attenuation of this specific virus. 

The pathological process' may be briefly summarized as follows : 
The bacteria, which have somehow entered the air tubes, begin their 
destructive activity in the alveoli and ultimate bronchi. A copious 
exudate, consisting chiefly of desquamated epithelium and round 
cells or leucocytes, fills them completely. Although the bacteria are 
finally destroyed by the exudate, the latter impairs by pressure the 
nutrition of the lung tissue proper, and the whole becomes involved 
in necrosis. The covering of the lungs is secondarily affected. In 
acute cases the pleura of the hepatized lobes may be covered with a 
fibrinous exudate of a spongy texture, containing a considerable num- 
ber of round cells and bacteria. It may become several millimeters 
thick, and tends to unite the lungs with the chest wall. The adhe- 
sion is at first broken without injury to the lung substance and is 
quite easily peeled from the pleura itself, as shown in Plate I. Hot 
infrequently the diaphragm is more or less firmly glued to the base 
of the principal lobe when that is diseased, as is shown in Plate II. 

' The pulmonary pleura and adherent costal pleura may sometimes 
form cavities between them, containing a yellov/ish-white, very tur- 
bid liquid crowded with bacteria. The adhesions are sometimes very 
close, the costal pleura having its minute vessels much injected at 
such spots. In older cases there are bands of fibers, of various 
lengths and density, bringing about the adhesion. In most cases the 
pleuritis is dry, with no adhesions. Over the dead lung tissue the 

E leura may be opaque and thickened or quite transparent, as in 
ealth. In several cases in which gangrenous processes were indi- 
cated by putrid odors, a generalized pleurisy was found gluing the 
entire lungs to the chest wall by means of a pasty exudate. In this 
various bacteria were found, which, very likely, had a share in the 
inflammatory changes. The pericardium occasionally is involved 
with the pleura and is subject to similar changes. In but one of the 
crises (No. 366) thus fa;r examined was the epicardium covered with 
a fibrinous exudate. 

Intestinal lesions . — In the severe types of this disease, there are 
very extensive lesions of the large intestine. These on superficial 
examination resemble those of hog cholera so much that this simi- 
larity alone may have prevented the separation of these two diseases 
by pathologists who have studied them very carefully. 
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Although, the lesions seemed to us at first sight different from the 
ulcerations found in hog cholera, yet it was only after the intile 
search for the specific bacterium of this disease in the spleen of the 
affected animals that we ventured to consider them as something 
entirely different from the lesions produced by that disease. 

In the following pages we shall try to state as clearly as possible 
the difference between the appearance presented by the large intes- 
tine in hog cholera and in swine plague. 

Croupous and diphtheritic lesions . — The mucous membrane is 
dotted by a large number of closely set, convex, circular masses of 
a yellowish tint. These are rarely larger than one-eighth to ono- 
fourth inch in diameter. They can be readily lifted away from the 
membrane, leaving a slightly depressed, raw surface. This mass which 
has exuded from the membrane is tough, evidently made up of a 
fibrinous coagulum. It is very easily mistaken for an ulcer when 
the examination is carelessly made. The hog-cholera ulcer, it will 
be remembered, is a circumscribed death or necrosis of the mucous 
membrane. The hole thus made is occupied by a soft, granujar 
matter^ in some cases projecting above the surface like a button, 
which is scraped away with some difficulty, leaving an irregular ex- 
cavation. Very rarely the ulcers are fiat, button-like masses, pre- 
senting concentric bands of a dirty yellow and black. They are 
then made up of hard, tough, homogeneous, whitish tissue, extend- 
ing at times as a neoplasm through the entire intestinal wall to the 
peritoneum. These ulcers vary much in size, from a pins’ head to 
an inch or more in diameter. The lesions found in swine plague are 
therefore different in that they consist of masses of exudate, either 
isolated or running together into large patches of variable size and 
thickness. The rectum (rarely diseased in hog cholera) is quite fre- 
quently involved with the colon. In some cases a continuous sheet 
of deposit covers the mucosa entirely. This may adhere v itii con- 
siderable tenacity, or it may be removed simply by the stroke of the 
scalpel, or it may not be attached, but appear as a part of the intes- 
tinal contents. It then consists of small lumps stained with bile and 
feces and easily overlooked. Sections of the intestinal wall show 
the exudate to consist of mesh -work which may or may not inclose 
leucocytes. When the inflammation is very severe the membrane 
beneath the exudate is liable to necrosis, and the process must then 
be regarded as diphtheritic. It is probabale that in all cases the epi- 
thelium is destroyed in order to give rise to the exudate, and all va- 
rieties of lesions, from the simply croupous to the diphtheritic, are to 
be met with, depending on the quantity and quality (or virulence) 
of the infectious agent. The anatomical distinction between croupous 
and diphtheritic lesions seem at least in this disease to be simply 
due to a more or less intense action of the same cause. In diph- 
theritic conditions therefore, ulcers may subsequently appear. Our 
observations on this stage of the process are too few to warrant any 
conclusions. Once or twice ulcers were seen which differed from 
hog cholera ulcers in being perfectly round, as if punched out of the 
membrane, from one-eighth to three-eighths of an inch in diameter. 
The bottom of the ulcers was concealed by a thin, creamy deposit, 
the border slightly thickened and very red. There was no adherent 
slough. Some of the ulcers corresponded with the mouths of the 
flask-shaped mucous glands. 

The exciting cause seems to attack the membrane from the sur- 
face, for the submucous tissue is not infiltrated with cells to any 
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extent. In hog cholera very extensive infiltration quite invariably 
accompanied the ulceration^ so as to make the intestinal wall very 
brittle. 

In another case the mucous membrane appeared as if gnawed oi* 
eaten away in large patches. The diphtheritic deposit and subjacent 
membrane in state of necrosis had very likely been shed as a slough, 
leaving the ragged, depressed surface. 

The pathological process in the large intestine is distinctly ex- 
udative, diphtheritic in swine plague* in hog cholera it is essentially 
necrotic or ulcerative. In the latter the virus may act not only from 
the intestine but also from the blood. In the former it perhaps 
never acts from the blood, but only from the intestine. 

' The lesions of the intestinal tract are always co-existent with the 
specific broncho-pneumonia and without doubt secondary to it, be- 
cause we frequently have encountered lung disease without intestinal 
disease. The origin of the latter may be accounted for in two ways. 
The virus enters the dmestive and the respiratory tract at the same 
time, or else it gains a roothold in the lungs first and thence reaches 
the intestines. This is possible, for the bronchi are filled with bac- 
teria imbedded in a large quantity of purulent mucus, which has 
come from the diseased alveoli and bronchioles. They may be 
coughed up into the mouth and swallowed and lodge at first in the 
mucous glands of the large intestines, where they are well protected 
while multiplying. The remainder of the mucous membrane may 
then be attacked if the animal be weak or the virus especially active. 
Tlie simultaneous attack of lungs and large intestine is perhaps very 
rare. Feeding large quantities of culture liquid and of rabbits which 
have died after inoculation does not produce an^/ lesions whatever. 
We must therefore consider the lungs the most vulnerable and the in- 
tevstines only secondarily so. This view is supported by the fact that 
in the early and most pronounced cases of the W ashington outbreak 
the intestinal lesions were very marked, but disappeared in the pro- 
gress of the disease. The virus, at first very powerful, became slowly 
attenuated, being unable to attack the mucous membrane of the in- 
testines and therefore confined to the lung tissue. Intestinal lesions 
are thus always associated with the severest lung disease, which in 
turn is characterized by an abundant muco-purulent secretion in the 
air passage. 

Diagnosis . — The disease just described cannot fail to be recognized^ 
as it seems to be the only severe disease of the lungs among swine of 
which we have any knowledge. That exposure may bring on croup- 
ous pneumonia we do not deny ; but the character of the ordinary 
croupous pneumonia among animals is such that it can be readily 
distinguished , from the ii*regular atypical infectious broncho-pneu- 
monia which we have just outlined. It is barely possible, however, 
that the disease may bo confounded with other lesions which we have 
met 110V7 and then in posi-mortem exaniinations. 

The small ventral lobes which hang down on either side of the 
heart are ver}:*^ frequently collapsed (atelectasis). The affected lobe 
is small, of a bright red, vsoft to the touch, but without crepitation. 
The tissue is not diseased, as may be seen on microscopical examina- 
tion. This condition is the result of a plugging of the bronchus sup- 
plying the lobe with catarrhal products. The air can not enter the 
tube, and all the. tissue supplied by it remains collapsed. Groups of 
lobules, i3ermanently collapsed, may be found in other portions of the 
lungs. 
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A lobular broncho-pneumonia simulating infectious pneumonia 
very closely is not infrequently found in young pigs. It is described 
on p. 485. It seems to folloAv collapse. 

Lung worms {Strongylus paradoxiis ,'^) — Are frequently found in 
the fall and winter. They first appear in the extreme end of one of the 
large bronchi, i. e., in the caudal tip of a principal lobe. Here they 
may be detected as small, hard nodules, not larger than a small pea. 
The lung tissue around them may be hypersemic, or perhaps in a state 
of hepatization. The presence of the v/orms will in all cases explain 
the lesions. 

More advanced changes are well illustrated by a case which came under our ob- 
servation recently. Each principal lobe contained four masses about three-fourths 
of an inch in diameter and very hard to the touch. The cut surface was coarsely 
granular, the granules yellowish, imbedded in a pale red parenchyma, and probably 
representing piiiics in the smallest air tubes and alveoli. The trachea and bronchi 
contained large (|uantities of gelatinous mucus. The bronchi leading to the lw3pa- 
tized regions were completely occluded with lung worms. There was not j>leuritis. 

In hog cholera the limg lesions are quite insignificant compared 
with those of other organs. In the acute type there is usually a 
hemorrhagic condition. The entire surface is dohted with subpleural 
blood extravasations. On section the lung tissue itself is found to 
contain these hemorrhagic foci. Exc(3pting the occlusion of a few 
alveoli here and there with blood, there is no infiammation or hepa- 
tization perceptible in any part of the lung tissue. 

in chronic cases of hog cholera these hemorrhages either never 
take place or else they are speedily absorbed, for the lungs are, as a 
rule, healthy, if we except the cx)llapse of the small ventral lobes now 
and then encountered as above described. 

When the sternum of a diseased animal is removed the ventral 
lobes which overlap the apex of the heart only during a full inspira- 
tion do not collapse and (Irop out of sight into the thorax^ as in the 
normal lung, but they stand up over the heart as two solid masses, 
of a deep red, mottled with yellowish points, or more grayish, accord- 
ing to the stage of the disease. If these lobes are normal the dis- 
ease, as a rule, does not exist in the remainder of the lung tissue. 
Frequently they are glued to the walls of the thorax and the peri- 
cardium. 

The appearance of the lungs will thus lead to an ea^ diagnosis of 
swine plague as distinguished from hog cholera. The intestinal 
lesions which accompany swine plague in its most severe forprs are , 
not so easily differentiated from lesions produced by hog cholera, but 
a careful attention to descriptions given in the foregoing pages will 
solve this difficulty in most cases. The disease of the large intestine 
in swine plague is essentially exudative. Necrosis of the superficial 
layer of the mucous membrane is secondary, the resulting ulcers 
superficial. In hog cholera the lesions are at first either hemor- 
rhagic or necrotic (ulcerative), or both. There is little or no exudate 
preceding the stage of ulceration. 

SUGGESTIONS AS TO THE MEANS OP PREVENTING THE SPREAD OP 

SWINE PLAGUE. 

Experiments with the microbe of this disease have shown that it 
has very feeble powers of resistance to external agencies. It is killed 

See p. 282 of the Report of the Bureau of Animal Industry for 1885, 
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by drying within twenty-four to forty-eight hours, and it is speedily 
destroyed in water. Its life in the soil is no .doubt very limited for 
these reasons. Moreover, it fails to multiply on vegetable substrata, 
like potato, and grows feebly in most nutritive media. In these re- 
spects it differs very markedly from the hog. cholera germ, which 
manifests a very decided resistance to the destructive agencies in 
water and soil. 

It seems probable that infectious matter from swine plague is more 
directly conveyed from one animal to another than is the case with 
hog cholera virus. Direct contact of the sick with the healthy must 
be considered as one of the principal means of infection. The mucus 
from the lungs contains the disease germs in abundance, and a forci- 
ble expiration by which particles of vcater, etc., are ejected from the 
nostrils to some distance may easily communicate the disease to 
another. The soil at the same time becomes infected from intestinal 
discharges; as with hog cholera, and it is therefore necessary to sep- 
arate the well from the sick by removing them to uninfected grounds; 
but the infection of the soil and pens can not live for more than two 
weeks, and in a month such places may be considered safe. 

The same remarks apply to both diseases as regards disinfection. 
This need not be so thorough in swine plague if the pens or grounds 
are left unused for a month, and if the healthy be kept away from 
the sick. At any rate, disinfection should always be practiced if 
possible. For this purpose lime is perhaps the best and cheapest, 
and for suggestions as to its use the reader is referred to page 489 of 
this report. 

There may bo some difficulty in determining which disease has 
attacked a given herd, or whether both are not actually present. 
Very severe lung disease is now the only sign that is of any positive 
value in the detection of swine plague, unless it be bacteriological 
testimony, which is the safest, but not at hand under most circum- 
stances. Where any doubt exists the disease should be treated as 
hog cholera, and all the rules for disinfection and isolation which 
have been suggested in this and the preceding report for that disease 
should be followed out. In the disinfection lime should take the 
place of the mercuric chloride recommended in the report for 1886. 

Whether this disease can be prevented by inoculation requires 
more evidence than has been obtained thus far, and experiments to 
test this matter are now going on. 

UNITED STATES NEAT-CATTLE QUARANTINE. 

The superintendents of the various neat-cattle quarantine stations 
report the names of the importers, and the number and breed of each 
lot of animals imported during the year 1887, as follows ; 
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Date of 
arrival. 


Name and post-office address of importer. 


Port of ship- 
- ment. 


Name of breed. 


No. of 
animals. 


1887. 


Jan. 

25 

May 

7 

May 

24 

May 

26 

June 

6 

July 

25 

July 

25 

July 

25 

Aug. 

2 

Aug. 

4 

Aug. 

13 

Aug. 

13 

Aug. 

13 

Sept. 

8 

Oct. 

26 

Dec. 

10 


I 


Overton Lea, Nashville, Tenn 

John Dick, Quincy, 111 

Gr. F. Taber, Patterson, N. Y 

L. F. Ross, Iowa City, Iowa 

S. A. Converse, Cresco, Iowa 

E. S. Jameson, Mount Sterling, Ky 


London 

Antwerp 

Hull, England . . 

London ^ . . . 

, . - do 

... do 


B. B. Lord & Sou, Sinclairville, N. Y 


Amsterdam 


R. Picnfrew, New York City , 

Overton Lea, Nashville, Tenn 

J. A. McKnight, Brooklyn, N.Y", .. 

J. H. Oflford, Topeka, Kans.. 

William Hanke, Iowa City, Iowa . . 
J. McLain Smith, Dayton, Ohio. . ... 
Charles C. Burns, Springfield, Mass 
E. N. Howell, New York City 


London 

Hull, England . . 
Saint Helena. . . 

London 

... do f 

. . .do .t 

Havre, France . . 
London 


Sussex 

Sirnmenthal 

Red Polled 

do 

do 

do 

Holstein } 

Friesian f ^ 

Ayrshire 

Sussex 

Polled 

Red PoUed i 

. . .do 

...do 

French 

Guernsey 


Benjamin T. Cable, Rock Island, 111 


Liverpool 


Black. . . . 
Aberdeen 


20 

0 

8 

9 

21 

18 

4 

1 

3 

1 

SO 

25 

5 
3 

6 


LITTLETON STATION, MASS. (NEAR BOSTON). 

DR. A. H. ROSE, SUPERINTENDENT. 


1 

1887. 

Feb. 12 
June 1 
June 22 
Oct. 17 
Oct. 22 
Nov. 16 

Dec. 22 

Luther Adams, Boston, Mass 

John A. Frye, Marlboro, Mass 

Morris & Clark, La Moille, 111 

John H. Bass, Port Wayne, Ind 

H. W. Keys, Newbury, Vt 

Hon. E. Bumett, Boston, Mass 

Luther Adams, Boston, Mass 

Liverpool 

London 

Glasgow — .... 

Ijiverpool 

London 

Liverpool 

London 

% 

Shorthorns 

Holsteins 

Galloways 

do 

Holsteins 

Jersey & Guern- 
sey. 

Shorthorns 

30 

70 

100 

20 

29 

G6 

7*7 

m 

PATAPSCO STATION, MD. (NEAR BALTIMORE). 

DR. F. L. KILEORNE, INSPECTOR. 

1867. 
Feb. 25. 

H. Vaughn, California . . . 

Liverpool 

Herefords 

43 


Table shoiving the whole number of cattle received at the various stations f rom- 

January 1, 1887, to January 1, 1888. 


Garfield Station 391 

Littleton Station 892 

Patapsco 43 


Total 826 


Table showing the number of cattle received at the various stations for each month 

in the year. 


Month. 


January. . . 
February . 

May 

June 

July 

August — 
September 
October . . . 
November. 
December . 


Garfield. 

Littleton. 

Patapsco. 

Total. 

26 



26 

30 

43 

73 

23 


23 

21 

170 


191 

23 


23 

64 



64 

t > 

o 



3 

6 

40 


55 

66 

1 

60 

85 

77 

1 

102 

1 

191 

392 

43 j 

626 


Total 
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Table showing the different breeds of cattle and the number of each imported dur- 
ing the year. 


■ Breed. 


iSO. 


Breed. 


No. 


Shorthorns 

Hoi steins 

Giiernsey.s 

Jerseys and Guernseys 

Galloways 

Holstein-Friesians 

Ayrshire 

Polled 


107 
99 
(j 
66 
120 
. 4 
1 
1 


, French 

1 Black Aberdeen 

Sussex . 

Simmenthal . . . . 

Red Polled 

Herefords 

Total 


3 

25 

29 

6 

116 

43 


626 


DESCRIPTION OF PLATES. 

Plate I Xf, — Swine plague. Right lung of pig No. 407 (see text), showing the lat- 
eral aspect. The diseased portion is sharply demarcated from the nor- 
mal portion and concealed in part by a pleural exudate of a spongy 
texture. 

Plate II x| . — The same lung, as seen from the ventral aspect. The localization of 
the disease is well brought out. On the right a portion of the diaphragm 
is firmly adherent. 

Plate III, Fig. 1. — Section through lung of pig 407, as indicated by the arrow on 
Plate I. The thickened pleura with portion, of the lung tissue converted 
into caseous masses on the left, caseation beginning above. 

Fig. 2. — Portion of lung tissue from pig No. 408, showing the grayish-yellow 
mottling of the surface; frequentty observed in this disease, due to the 
cellular exudate in the ultimate bronchi and alveoli (broncho-pneumo- 
nia). 

Plate IV, Fig. 1. — Section through the lung of pig No. 396, showing cheesy masses 
embedded in the lung tissue; frequently observed in advanced stages ol 
the disease. 

• Fig. 2. — Portion of the lai^ge intestine of the same animal covered with circum- 
scribed masses of exudate ; frequently observed in swine plague. 




SWI1<I E PI. AGUE . (Right Lung + f) 

Ailoen&-Co.liidiocauatic BalJamOTe 


k 


Plate I. 



S W I ]Sr E I AG I E . ( Right Lu iig + T ) 


AHt> en.A Co.Lidiorattsfir .Baltiiuove 


Plate H. 


I'hiii- II! 




SWlXi: IM.ACil’K. 


Plate W. 




^ •»_ AUDm&.Co.Lithoraustic. BhIHiuui'C, 


SWai<rE PLAGUE. 


I 


• > 


REPORT OF THE STATISTICIAN. 


Sir: I have the honor to submit my nineteenth report as Statis- 
tician of this Department. Twenty-four annual reports of the Stat- 
istician have been made — those of 1863 and 1864 by Lewis B oilman^ 
and those of 187cS, 1879 and 1880 by Charles Worthington; the re- 
mainder by the present Statistician. The volume 1881-'82 comprised 
the work of two vears. 

Durijig these twenty-four years a remarkable jjrogross has been 
made in statistics^ and especially in agricultural statistics. It has 
been an era of organization, of the creation of machinery for record- 
ing and handling data in the interest of industrial and commercial 
development. It has been a period of scientific discovery, of experi- 
ment in rural economj^, of record of agricultural practice and the re- 
sults of rural production. 

The statistics of this country do not now suffice to meet the wants 
of legislators and business men. They want the statistics of the 
world. There are few products, edible or textile, which enter ^into 
consumption to any appreciable extent which are not grown or pos- 
sible of growth within the national domain, and in many a surplus^ 
is produced which may enter into competition with similar products 
of other continents; hence the knowledge of foreign crop results, de- 
ficiencies in supply, and current prices, is eagerly sought by farmers, 
commercial men, and statesmen. 

This pursuit of current statistical information has become so eager 
that data attainable and unattainable, existent and non-existent, are 
alike required, in season and out of season, of a character possible 
and impossible. Such demands, often unreasonable and annoying, 
attest, nevertheless, the growing importance of statistics. 

That portion of our work which relates to crop reporting has be- 
come so influential in the marts of trade, so much relied upon as in- 
dications of production and the tendency of prices, that the utmost 
skill and care are required in the presentation of results of our inves- 
tigations, that misunderstandings may be prevented and inaccurate 
views of the crop situation avoided. Unfortunately no statement 
can be so just, no language so plain, that satisfaction will always be 
given alike to all warring elements of the exchange. Unfortunately 
for the morals of trade, there is also deliberate misinterpretation of 
returns after their issue, and not unfrequently deliberate manu- 
facture of pretended official reports prior to their receipt. This is 
unavoidable, at least by the Statistician, and must be endured as re- 
sults of one of the weaknesses of human nature. 

There is frequent criticism of the methods and machinery of crop 
reporting, generally by individuals who are either ignorant of the 
organization and its workings, or hostile to results that do not favor 
their present speculative purposes. Improvement is desirable, and 
practical suggestions promising betterment, however slight, would 
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be heartily welcomed; but when changes are iproposed, prude and im- 
practicable, or plausible but impotent, all looking backward or down- 
ward, there is little encouragement for the consideration of new 
schemes for statistical collection. 


CURREISTT CROP STATISTICS. 

In a study of agricultural production, its changes and progress, 
the factor of meteorology is not to be disregarded. Its innuence in 
the present season has excited much attention, as it has caused great 
irregularity in rate of yield and changes in market prices. In con- 
sidering the productiveness of the year, the records of the Signal 
Service are called into requisition at the outset, and arranged to 
facilitate a clear general view of the temperature and rain-fall of the 
season. 

The temperature of the growing season was slightly below the aver- 
age in the Eastern and Middle States, and a deficiency somewhat 
greater was recorded for the Southern Atlantic States and for the 
Rio Grande Valley. It was quite normal in the Eastern Gulf States 
for the season, slightly higher in May, and a little lower in June. 
In the Valley of the Ohio, of the Missouri, the Lake regions, and the 
^N'orthwest, temperature was decidedly high, the increase commenc- 
ing in April in Missouri Valley and the R^orthwest, and falling be- 
low normal in August. In the Ohio Valley and Lake region no in- 
crease was recorded until May * high temperature continuing through 
August in the valley, and declining earlier in the Lake country. At 
least one-fourth of the usual difference in temperature of the season 
between the Ohio Valley and the Gulf region was eliminated, and 
from May to July, inclusive, the difference was much less, being 
wholly obliterated in July. 

Rain-fall was above the average in the Middle Atlantic region, 
deficient in the Eastern and in the Southern Atlantic States, less 
than normal by about 2 inches in the Eastern Gulf States, the de- 
ficiency becoming larger farther West, and throughout the interior 
valleys northward to the Lakes. 

, The following summary shows the unusual deficiency in these re- 
gions, and at the same time the normal and seasonable supply of the 
extreme ISiorthwest, thus explaining the comparative productiveness 
of Dakota the present season : 



Rain-fall. 

* 




Departure 
of 1887 from 
the normal. 

Districts. 

For a 
series of 
years. 

For 1887. 

New England 

Inches. 

23.83 

Inches. 

20.11 

Inches. 

—3.72 

Middle Atlantic 

22.36 

23.34 

+ .98 
— 2. 65 

South Atlantic 

ol. 19 

28. 54 

Eastern Gulf 

29. 96 

28.05 

—1.91 

Western Gulf 

23.94 

18. 25 

—5. 69 

Ohio Valley ajid Tennessee 

i^3. 71 

19.40 

—4.31 

Lower Lake region 

19.24 

13.95 

—5.29 

Upper Lake region 

19. 95 

13. 51 

—6.44 

Extreme Nortliwest 

14. 57 

14.07 

— .50 

LTpper Mississippi Valley 

23. 51 

15.37 

14 

Missouri Valley . . 

22. 38 

19.31 

—3. 67 

North Pacific coast 

13.11 

14.77 

-t-1.66 

—1.58 

Middle Pacific coast 

4.26 

2.68 

1 
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Average temperature by districts. 


Districts. 


New England 

Middle Atlantic 

South Atlantic 

Florida Peninsula 

Eastern Gulf 

Western Gulf 

Eio Grande Valley 

Ohio Valley and Tennessee 

Lower Lake region 

Upper Lake region 

Extreme Northwest 

Upper Mississippi Valley. . 

Missouri Valley 

Northern slope 

Middle slope 

Southern slope 

Southern plateau 

Middle plateau 

Northem plateau 

North Pacific coast 

Middle Pacific coast 

South Pacific coast 


April. 

May. 

June. 

July. 

August. 

September. 



S 




c3 






P m 
y u 
di cS 
tfi CD 

1887. 

P M 

> t-i 

P cS 

1887. 

W Qj 

1887. 

p d 

M d) 

1887.' 

p zr: 

y S-i 
p CJ 
g3 

1887. 

y i-i 

1887. 



t-i 






^ fa 


f-c fa 


o 


O 


o 


O 


o 


O 


fa 


fa 


fa 


fa 


fa 


fa 


O 

O 

O 

e 

o , 

O 

O 

O 

O 

O 

o 

O 

43.5 

41.4 

54.3 

57. 0 

63.3 

62.6 

68.8 

70.9 

67. 3 

66. 1 

02. 1 

58. 8 

51.0 

49. 5 

62.2 

65.4 

71.0 

70.6 

75.5 

78.7 

G15 

72.5 

68.8 

64. 4 

62. B 

61.8 

71.3 

71.9 

77.5 

76.4- 

80. 7 

80.7 

78.7 

78.3 

75. 1 

72.1 

71. r 

70.4 

77.0 

75.4 

82.3 

78.5 

84. 0 

82.6 

83.0 

83.0 

Si. 5 

79. 5 

66.0 

66.1 

73.0 

74,5 

79.2 

78.3 

80.8 

80.0 

79.6 

79. 6 

76. 0 

75. 9 

66. 0 

67.1 

73.1 

73.6 

79.5 

78.3 

81.8 

82.2 

80.6 

80.9 

76. 4 

76.8 

75.0 

73.9 

79.0 

78. 1 

83.5 

80.1 

84.4 

82.8 

84.4 

as. 6 

80.1 

79.1 

56.0 

56.5 

65. 9 

69.8 

73.5 

74.2 

76.3 

80.3 

74.8 

75.6 

69.4 

69.2 

44.2 

43.4 

57.1 

61.8 

65.8 

67.2 

70.3 

75. 6 

69. 2 

68.4 

64.1 

60.1 

39 5 

39.2 

40.6 

52.2 

53.6 

56.8 

58.4 

61.4 

63.6 

63.2 

66.7 

66.9 

66.8 

70.9 

07.9 

65.4 

64.8 

64.6 

62.8 

59.5 
53. 8 

57 3 

38.8 

56. 3 

51.3 

53.1 

62.2 

67. 1 

70.5 

72.9 

74.9 

78.4 

73.0 

72.8 

65. 3 

64.4 

47.6 

51.4 

59.8 

64.1 

68.5 

71.1 

4 0. 4 

75.3 

71.7 

69.9 

62.6 

63. 7 

41.8 

44.0 

53.0 

55. 8 

62.6 

63.0 

68.4 

68.0 

66.4 

64.0 

55.4 

57.8 

51.0 

53.5 

60.4 

64.1 

70.4 

72.4 

75.7 

76.1 

73.0 

73.4 

65.7 

66.8 

58.7 

59. 5 

69.7 

71.0 

76.6 

76.5 

79.3 

81.1 

77.0 

78.7 

70.0 

72.1 

55. 9 

56. 5 

64.5 

65. 3 

72.9 

74.9 

77.0 

76.9 

74.5 

75. 6 

68.1 

7(6 4 

44.5 

44.4 

56.0 

58. 5 

65.6 

65. 6 

73. 6 

73.8 

72.0 

71.3 

61.5 

02.9 

49.4 

49.3 

56.4 

59.3 

04.7 

62.3 

70.0 

73.1 

68.7 

70.3 

57. 8 

60.4 

48.4 

47.3 

54. 4 

53.9 

58.4 

.50. 5 

61.3 

59.5 

00.7 

59. 5 

56. 5 

56.2 

56.0 

56. 4 

60.0 

59.4 

67.0 

68.1 

71.0 

69.8 

69.7 

OS. 9 

06.4 

69.1 

58.0 

59.1 

62.0 

62.6 

65.0 

65. 4 

68.0 

68.0 

69.6 

67.4 

67.5 

67.0 


Average rain-fall by districts. 


New England 

Middle Atlantic 

South Atlantic 

Florida Peninsula 

Eastern Gulf 

Western Gulf 

Rio Grande Valley 

Ohio Valley and Tennessee 

Lower Lake region 

Upper Lake region 

Extreme Northwest 

Upper Mississippi Valley . . 

Missouri Valley 

Northern slope 

Middle slope 

Southern slope 

Southern plateau 

Middle plateau 

Northern plateau 

North Pacific coast 

Middle Pacific coast 

South Pacific coast 


Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins, 

7ns. 

Ins. 

7ns. 

Ins. 

Ills. 

3.54 

3.48 

3.66 

1.40 

3.40 

4. 21 

5.90 

4,94 

4. 10 

3.84 

3.23 

2.24 

2. 98 

2.85 

3. 19 

2. 21 

3.78 

4.26 

4.27 

5.39 

4. 41 

5. 58 

3.73 

3. 05 

4.06 

2. 86 

3.79 

3.86 

5.21 

6.22 

5. 94 

6.11 

6.72 

7.71 

5.47 

1.78 

2. 79 

3.53 

2.88 

3.38 

6.60 

7.66 

6. 64 

7.46 

7. 12 

3.80 

5. 15 

4.20 

5.72 

1.46 

4.42 

3.15 

5.24 

7.24 

5.02 

7.32 

5. 55 

4.52 

4.01 

4. 36 

4. 06 

.76 

4.72 

5.32 

3.47 

3. 59 

3.37 

2. 19 

3.07 

3.91 

4.65 

2.48 

.78 

.10 

3.56 

4.02 

2.28 

10. 94 

1.96 

.16 

4.07 

1..55 

5.84 

10.27 

4.36 

4. 14 

3.93 

3.83 

4.56 

2. .53 

4.23 

3.43 

3. 69 

2.75 

2.94 

2.72 

2.38 

1.85 

3.23 

2.11 

3.69 

3.23 

3. 62 

1. 56 

3.19 

2.45 

3. 13 

2. 75 

2,27 

i.69 

3.34 

2. 13 

4.07 

1.67 

3.29 

3.24 

3.30 

1.89 

3.68 

2.69 

1.86 

1.56 

2.69 

2.25 

3.09 

3.03 

3.10 

4.23 

2.49 

2.16 

1.34 

.64 

3.04 

2.36 

4. 15 

2.20 

5.28 

2.07 

3.90 

2.21 

3. 35 

2.39 

3.79 

4. 14 

2.93 

2. 31 

4.30 

1.95 

4.41 

3.87 

4.02 

3.71 

3.25 

4. 51 

3.47 

2 . 96 

1.79 

2.54 

1.88 

1.65 

2.50 

3.33 

1.77 

2. 01 

1.39 

2. 99 

1.02 

2.12 

2. 32 

2.82 

3.98 

4. 10 

3.41 

2.97 

3.25 

1. 54 

2.42 

2.75 

2.02 

2.12 

1.33 

1.19 

1.87 

2.66 

2.t2 

2. 66 

2. 76 

2.99 

3.69 

3.40 

3.08 

4.78 

.35 

.58 

.29 

.46 

.43 

.46 

1.80 

2.67 

2.41 

2. 53 

1.14 

2. 58 

1.76 

1.48 

1.01 

.59 

.96 

.41 

. 51 

.79 

1.25 

.98 

.58 

.53 

1.69 

1.92 

1.31 

.91 

1.54 

1.43 

.43 

.43 

. 15 

. 55 

.65 

.59 

3.15 

4.88 

2. 50 

5.04 

1.70 

1.04 

1.21 

..53 

1.10 

.43 

3.45 

2.85 

2.94 

2. 42 

. o2 

.(m 

.31 

.11 

.01 

Trace 

.01 

Trace 

.37 

.12 

1.54 

2.26 

.43 

.34 

.10 

.06 

.02 

.04 

.10 

Trace 

.10 

, .09 


A comparison of temperature and rain-fall, by months, with the 
average records of a series of years, in a table in which the devia- 
tion from the normal is expressed by pins and minus signs, enables 
one to get a bird’s-eye view of the relative heat and moisture of the 
season. It shows at a glance the increment of heat in connection 
with the diminution of moisture throughout the great and fertile 
central districts, the center and sum of the largest part of the pro- 
duction of the country. The lack of moisture is especially notice- 
able. contimiing after the subsidence of excessive heat, and remain- 
ing in all the principal districts of production in September, except 
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in the Eastern Gulf States and the Upper Mississippi district. The 
statement is as follows : 


Districts. 


New England 

Middle Atlantic 

South Atlantic 

Eastern Gulf 

Western Gulf 

Ohio Valley and Tennes 

see 

Lower Lake region 

Upper Lake region 

Extreme Northwest 

Upper Mississippi Valley 

Missouri Valley 

North Pacific coast . . . 
Middle Pacific coast . . . : 


April. 


CD 

f-i 

s 

-t-3 

oS 

a 


(D 


— 2.1 

— 1.5 

— 1.0 




Ins. 
— .06 
— .13 
— 2.20 
- 4.26 


+ 1 . 1 '-^. 90 


+ .5 
— .8 
— .3 
+ 1.8 
■ 1.8 
3.8 
— 1.1 
+ .4 


— .22 

— .53 

— .58 

— .30 

— .68 
— .62 
+ 1.73 
- .52 


May. 


June. 


(D 




a 

CD 


- 2.7 
- 3.2 
- .6 
- 1.5 
‘ .5 


+ 3.9 


44.6 
k8 
+ 4.9 
+ 4 . 3 I 

— • 

— .6 


a 

d 


Ins. 
— 2. 26 

— .98 
+ -07 
— 1.27 
+ .60 

— .10 
— 1.12 
— 1.21 

— .44 
— 1.95 
— 2.35 
+ 2 . .54 

— .59 


O) 

d 

u 

a 

s 

cD 

H 


o 

— .7 

— .4 
— 1.1 

— .9 

— 1.2 


4 - 1 . 4 ! 

+1.8, 

— 3.1 

-- 2.4 

— 2.6 

— 1.9 

+ 1.1 




Ins. 
+ .81 
+ .48 
+ 1.01 
2.00 
■ .12 

— 2.03 

— .46 
— 2.20 

— .06 
— 3 . 21 

.54 
— .66 
— .20 


July. 


August. 


<D 

d 

-u 

cS 

;h 

CD 

a 


<D 


+ 2.1 

— 3.2 

(*) 

— .8 

+ . 4 , 

+ 4. 0 
- 4.3 
- 4.0 
— 1.1 
+3.^ 
+ 1.6 
— 1.8 
— 1.2 


d 


Ins. 

— .96 

1.12 

. 1 ? 
+2. 30 
- 1.18 

— .80 
— 2. 06 

— .05 
+ 1.13 
— 1.69 

— .31 

— .68 

— .01 


(D 


a 

s 

(D 

H 


- 1.2 

— 1.0 

— .4 

+ .3 

+ .8 

— .8 
— .8 
— 2.0 
— .2 
— 1.8 
— 1.2 
— .8 


i 


September. 


^Ins. 
— .26 
+ 1 . 17 i 

+ .99; 

— 1 . 03 ! 
+ .& 4 | 

— . 84 ! 

— .74 
— 1.41 

- .33 

— .96 
+ 1.26 

— .67 

— .01 


(D 

d 

d 

d 

t -, 

A 


<D 


— 3. 3 
- 4.4 
— 3. 0 
— .1 
+ .4 

— .2 

-^.0 

— 2.2 

+ 2.5 

— .9 

+ 1.1 

— .3 
— 2.7 


as 

I 

.g 

cd 


Ins. 

— .99 

— .68 
— 3.69 
+ .35 
— 2. 17 


.22 
.38 
.99 
.50 
.35 
.51 
.60 
. 25 


+ 


• Normal. 


Tlie records of the autumn months show that the temperature of 
October was slightly below normal and that of ISTovember a little 
above. 

The precipitation of October was generally below the normal, except 
in Te:?jas, Kansas, Colorado, and the extreme southeastern States. 
It was also less than usual in November, the greatest deficiencies oc- 
curring in the Gulf States, eastern Tennessee, and western North 
Carolina. A deficiency of about 1 inch was reported in the valleys 
of th-e Ohio and Mississippi. At the close of the month about 3 
inches of s^iow remained on the ground in the northern portion of 
the Lake region, in western New York, northeastern Ohio, and from 
1 to 2 inches in the Ohio Yalley, northern New England, and from 
Kansas northward to Minnesota and Dakota. Slight excess of rain- 
fall occurred in southern Missouri, northern Louisiana, upper Michi- 
gan, New Hampshire, Vermont, Arizona, and in the extreme eastern 
^ portion of Texas. 

The year 1887 has not been one of quite average production in the 
United States. The cause is that most frequently operative in this 
country — drought. The winter crops, or those maturing before Au- 
gust, have mainly escaped injury from this cause. Thus, cotton, 
corn, and potatoes are most liable to injury, and they are the crops 
which have been reduced heavily. Even corn has partially escaped, 
in some of the Southern States, by reason of matiiring before the 
^ most serious effects of continual dryness were felt. 


CROPS OF THE YEAR. 


There was planted an enlarged area of corn, amounting to about 
78,000,000 acres. The planting season was favorable T >r seeding, 
germination, and early growth. There were seasonable raiiis in June, 
very abundant in certain Atlantic districts. There were exception^ 


/ 
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in several Western States, an absence ,of rain-fall being indicated in 
the very heart of the corn-growing belt. As the season advanced 
the drought became alarming. It was everywhere a matter of sur- 
prise, however, that corn maintained so well its condition without 
rain. In many a field that was planted early, after thorough prepa- 
ration with suitable subsequent cultivation, growth continued and a 
fine crop was matured, less than a good season would have made, but 
a yield even greater than the average of ordinary cultivation. 

The drought was more limited in area than in 1881. It was worst 
in the lower elevations of the great interior valleys. It was severe 
in Kentucky, Ohio, Indiana, Illinois, part of Iowa, Missouri, and 
Kansas. Southern Wisconsin and Michigan were not exempt, and 
southeastern Minnesota was touched slightly. Other parts of Min- 
nesota and Dakota, and Nebraska in less degree, had seasonable rain- 
fall and high condition. In the' Southwest, also, the drought was 
protracted, yet corn matured before its most destructive effects could 
be produced. 

On the Atlantic coast there was generally a good supply of moist- 
ure, at certain points in excess, and in small districts it was so un- 
equally distributed as to cause injury, attributed by some to drought 
and by others to excess of moisture followed by high temperature. 

The result of these changing conditions was very disappointing, 
raising the hopes of cultivators, then suddenly depressing, them, per- 
haps unduly, by the suddenness and severity of the decline. This 
will be best shown, as to corn and cotton especially, in the following 
general monthly averages of condition of several crops: 


■lr ' — 

1 

Moiiths. Corn. 

1 

ir • — 

Winter 

wheat. 

p- r 

Spring 

wheat. 



Oat^ 

p, 

Barley. 

i 

Cotton. 

r 

Potatoes. 

— C 

Tobacco. 

1 

Jun0 . . 

84.9 

83.5 

87.3 

79.3 
78.8 

91.0 
85.9 
85. 6 
83.4 

87.0 
82.8 
86.2 

53.0 

96.9 
96.9 
93. 3 
82.8 
76.5 
. 1 


July 97.7 

August 80.5 

September 7 3 

Orrtober ?'.! 8 

!i3. 2 
80. 8 
f7.3 
61.5 

84.2 

73.1 

70.8 

73.8 







The result of the year’s harvest, though slightlv deficient, is an am- 

E le supply for all wants, wuth increased value of corn, potatoes, and 
ay due to diminished production, and a very slight advance in oats, 
while other grain remains within a point or two of the prices current 
a year ago. 

The acreage of corn is diminished by eliminating over 5,000,000 
acres of worthless or abandoned area, and on this reduced area a 
yield of only 20.1 bushels per acre is recorded. Counting the origi- 
nal area, as is usually done, without allowances for areas of absolute 
failure, the average yield would be 18.7 bushels per acre, about the 
same as in 1881. As the Atlantic coast States make better returns 
than in 1881, it follows that in extent and intensity the drought of 
this season is scarcely equaled by any previous infliction. _ This can 
only be taken as a general average, some localities having better and 
others worse yields than in 1881. 

It has been shown, as often before, that the best cultivation is at- 
tended with the least loss in dry seasons; and also that the areas that 
are tile -drained have produced larger yields than those undrained, 
from a better aeration of the soil and superior -facilities for obtain- 
ing moisture from the subsoil. 
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The estiqiated corn area harvested for grain is 72,392,720 acres; 
X)rodnct, 1,456,161,000 bushels; value, $646,106,770. 

The preliminary report of winter wheat area indicated a decrease 
of about 2 per cent. The later estimates made t^e decline still less, 
scarcely more than 1 per cent. The spring wheat area showed a 
much larger increase, making the total area in wheat 37,641,783 
against 36,806,184, or an increase of over 2 per cent, on the entire 
acreage. 

The condition of winter wheat in June was fairly good upon a 
large portion of the breadth, and suffered little reduction up to the 
time of harvest. The injury from the Hessian fly was slight, though, 
its presence was indicated locally in Pennsylvania, Maryland, Vir- 
ginia, West Virginia, Kentucky, Ohio, Michigan, Indiana, and Illi- 
nois. In a few small districts seripus losses from these pests are re- 
ported. 

In June the depredations of chinch-bugs began to be serious in 
the winter wheat of Maryland and Virginia, and in the spring wheat 
of southeastern Minnesota. In some districts in northern Illinois 
spring wheat was nearly destroyed by them. The losses of wheat 
have this year been due to insects much more than to drought. 

The crop as harvested, of both winter and spring wheat, makes an 
average of slightly over 12.1 bushels per acre, which is precisely the 
average of eight years past. The winter wheat averages 12.1 bush- 
els, and the sprang wheat 12.2 bushels, both slightly lower than in 
1886. 

The relative yields of the principal spring- wheat districts compare 
with last year as follows: 


Years. * 

Wisconsin. 

1 

Minnesota. 

Dakota. 

Iowa. 

Nebraska. 

18ft'. 

11.5 

14.0 

11.5 

12.2 

11.0 

1887 

10.3 

11.6 

14.3 

•10.0 

10.1 


The most manifest difference is the reversal of conditions in Min- 
nesota and Dakota, caused by the destructive presence of chinch- 
bugs and drought in southeastern Minnesota this year, and the com- 
parative exemption from both evils in Dakota. The comparison of 
averages of condition of these States the 1st of August, 1886 and 
1887, just before the harvest, shows an expectation which foreshad- 
ows substantially the result as given in the above yields: 


Years. 

r 

Wisconsin. 

Minnesota. 

Dakota. 

Iowa. 

Nebraska. 

1886 

73 

80 

62 

97 

82 

1887 

k, — — . — — ■ 

73 

74 

88 

72 

4 4 


The September report of condition when harvested, in 1886, raised 
80 to 8? in Minnesota and increased 73 to 78 for Wisconsin, show* 
ing a better result than had been expected in those States. The 
whole course of the season’s conditions has this year been favorable 
to Dakota wheat, and comparatively unfavorable to that of the re- 
mainder of the spring- wheat district, a part of Minnesota especially. 

The yield of the remaining cereals has been nearly an average the 
present year, as in the case of wheat. 
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The area of cotton was slightly increased, equivalent to about 1 per 
cent. Condition was high in June and July until the effects of 
drought began to be manifost. The crop was kept in unusually clean 
cultivation with a stand better than the average. On the 1st of Au- 
gust a decline of four points was apparent. In the eastern portion 
of the belt there had generally been an excess of moisture, in some 
places damaging hoods, and the ^‘^weed’’ was large and sappy, caus- 
ing rust and fall of forms under the high temperature following. 
In Texas drought began to be injurious. Yet up to this date the 
average of condition was comparatively high. A heavy decline fol- 
lowed. The following comparison of condition will show the course 
of each season: 


Years. 

June. 

July. 

August. 


October. 

1886 

88.7 

96.9 

86.1 

96.9 

81.3 

93.3 

82.1 

82.8 

79.3 

76.5 

1887 



In 1886 the decline was less than 10 points; in 1887 it was more 
than 20, almost wholly in August and September. The State esti- 
mates of yield per acre made 33.8 hundredths of a bale, against 36 
hundredths in 1886. The estimates of yield per acre in November 
averaged 164 pounds, against 168 the previous year. On the basis of 
these results a crop of 6,306,150 bales was indicated in the November 
report. This was a material decline from earlier expectation^ when 
condition stood nearly at the standard of perfect healthfulness and 
good growth; yet it was in accordance with the returns of corre- 
spondents at that stage of the harvest, two months before its close. It 
was intimated in November that the early growth and stamina of 
the plant might carry tUe yield beyond the logical results of the de- 
pressed condition reported by our correspondents. This proved to 
be the case; but the largest factor of increased product was the late 
occurrence of killing frost and the fine season for maturing and 
picking, which brought the aggregate nearly up to the total of the 
largest crop ever produced — that of 1882, which was nearly 7,000,000 
bales. 

The season has not been favorable fora large crop of hay. It was 
considerably reduced in the region affected by the drought, causing 
a heavy advance in farm prices, and increasing about $2 per ton the 
general average of the country. 

The season has been peculiarly unfavorable for the Northern potato 
crop. With an area larger than that of the previous crops, the yield 
is the smallest for many years. The yield averaged slightly above 
56 bushels per acre, indicating a crop of about 134,000,000 bushels. 
While condition was lowest in the W est throughout the growing sea- 
son, the loss from rotting near the time of harvest was greater in the 
East, Maine especially. 

There was a fair crop of sweet potatoes, which is a very important 
edible crop of the South, possibly aggregating 40,000,000 bushels, 
which is an increase of nearly 25 per cent, since 1880. It is of course 
limited in area, while the round potato, Solanum tuherosum^ is a 
product of every State and Territory, either as a winter or summer 
crop. 

It has been a poor year for orchard fruits, which have been rela- 
tively high in price during the season. In parts of Connecticut a 
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g^ood crop of apples was secured^ and a moderate crop in many 
counties of New England, witli a partial crop in New York. 

I . • * 

CORN. 

This crop is distinctively American. Though, grown in southern 
Europe and in South America, the product of the United States com- 
prises nearly three-fourths of the maize of the world. Its importapce 
in the rural economy of this country is shown by the fact that its 
present area is 51 per cent, of the breadth of all cereals, and its last 
product, less by one-fifth than an average crop, is 55 per cent, of tfie 
quantity of all cereals. 

The supply to each unit of population is far greater than the ag- 
gregate supply of all cereals in all other countries. It was, in 1849, 25. 5 
bushels; in 1859, 26.7 bushels; in 1869, 19.7 bushels; in 1879, 35 
bushels. Since 1880 there has been only one season, 1885, of average 
yield. The decline is due to meteorological causes rather than to de- 
clining fertility. 

While it is not e:?:ported largely, as grain or meal, there is another 
form of exportation, as pork products, and in much smaller measure ' 
as beef and spirits, which helps prices. Still its price is very little 
dependent on foreign markets, so large and varied are its uses at 
home. It has happened that the high value set by home demand 
has almost entirely shut off foreign orders for grain and greatly re- 
duced the foreign trade in secondary products of maize. 

The fluctuations in prices have been great, from 63.6 cents in 1881 
to 32.8 in 1885, due to the relative size of the crop. The value per 
acre for the decade 1870 to 1879 was $11.54 per acre; for eight years 
past $9.82. The former was slightly increased by the foreign de- 
mand for meat products prior to 1880, and the latter is slightly de- 
pressed in sympathy with the tendency of an era of low prices. 

Comparing the statistics of eight years with those of the preceding 
decade, while the acreage has increased very nearly with the incre- 
ment of population, the product has not, averaging 1,616,718,567, a 
quantity less than that of the good crop year 1880, 

The following table exhibits recent niaize statistics, and presents a 
comparison with the previous decade: 


Years. 

Total produc- 
tion. 

Total area 
of crop. 

Total value 
of crop. 

Average 
value p>er 
bush^. 

Average 
yield 
per acre. 

Average 
value 
per acre. 

1880 

1881 

1882 

1883 

1884 

1885 

1886 

1887 

Total 

Bushels. 

1,717,434,543 

1.194.916.000 
1,617,025,100 
1,551,066,895 

1.795.528.000 

1.936.176.000 

1.665.441.000 

1.456.161.000 

Acres. 
62,317,842 
64, 262,025 
65, 659, 546 
68,301,889 
69,683,780 
73, 130, 150 
75, 694, 208 
72,392,720 

1679,714,499 
759,482, 170 
783, 867, 175 
658,051,485 
640, 735, 560 
635,674, 630 
610,311,000 
646,106,770 

Cents. 

39.6 

63.6 

48.4 

42.4 

35.7 

32.8 
36.6 

44.4 

Bushels. 

27.6 

18.6 

24.6 

22.7 

25.8 
26.5 
22.0 
20.1 

$10. 91 
11.82 
11.94 
9.63 
b.l9 
8. 69 
8.06 
8.93 

12,938,748,538 

551,442, 160 

5, 413, 943, 289 




Annual average 

Annual average for 
preceding ten years. 




1,616,718.567 

1,184,486,951 

68,930,270 | 
43,741,331 

676,742,011 

504,571,048 

41.9 

42.6 

23.5 

27.1 

9.82 

11.54 


The home consumption of the ten-year period averaged 25 bushels 
per capita ; of the recent period of eight years, about 27.5 bushels, a 
10 per cent, increase. Therefore, while the average yield per acre 
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DiAGRAM A, 


PRODUCT AND EXPORT OF CORN. 
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was only 23.5 bushels against 27.1 bushels, the extension of area 
more than supplied the deficiency, keeping the price from advancing, 
the average being 41.9 cents per bushel against 42.6 cents. It should 
not be regarded as an abnormal or unnecessary extension, as a 
moderate price is a necessity for a profitable production of milk and 
]iieat and other products into which maize enters as an element. The 
value per acre averages $1. 72 less than that of the decennial period be- 
tween 1870 and 1880. He who grows corn to sell and not to convert into 
various extended products of maize is at a comparative disadvantage as 
prices rule at present. 

Diagram A shows the increase of production and makes distinc- 
tion between that consumed at home and that sent abroad as grain 
and meal, according to the following statement : 

Production and export of corn. 


Years. 

Production. 

Exports. 

Produc- 

tion. 

1849* 

Bushels. 
592, 071,104 
838,792,742 
760, 944, 549 

1.094.255.000 

991.898.000 

1.092. 719.000 

932.274.000 
850, 148, 500 

1.321.060.000 
1,283,827,500 

1.342.558.000 

Bushels. ^ 
7, 632, 860 
4, 248, 991 
2, 140,487 
10, 673, 553 
:35, 727, 010 

Per cent. 
1.3 

1859* 

.5 

1869* 

.3 

1870 

1.0 

1871 

3.0 

1872 

40; 154; 374 
35, 985, 834 

3.7 

1873 

3,9 

1874 

30,025,036 

3.5 

1875 

50; 910, 532 

3.9 

1876 

72', 052, Oil 

5.7 

1877 

87, 192, no 

6.5 




Years. 

Production. 

1 

I Exports. 

Produc- 

tion!. 

j 

Bushels. 

Bushels. 

Per cent. 

1878 

\ 1,388,218,750 

87, 884, 892 

^ 6.3 

1879 

1,754, 591,676 

99, 572, 329 

5.7 

1880 

l,7f:', 4 : 34 , .543 

93, 648, 147 

5.5 

1881 i 

1,194, 916, 0t»0. 

44 , 340, 683 

3.7 

1882 i 

1,617,025,100 

41, 655, 653 

2.6 

1883 . 1 

1, 55] , (X56, 895 

46, 258, 606 

3.0 

1884 

1,795,528,000 

52, 876, 456 

2.9 

1885 

1,936,176,000 

64, 829, 017 

B.3 

1886 

1,665,441,000. 

41, 368, .584 

2.5 

Annual av’ge. 

1,384, 007, 468 

55, 044,472 

4.0 

1 


* Census. 


The area of maize planted in 1887 was increased mor-e than 
3,000,000 acres, yet the virtual destruction of area which failed wholly 
to mature, and was valuahle only for stover, reduced thehreadth har- 
vested to 73,393,720 acres, instead of 76,694,208 acres the previous 
year. The yield per acre on this reduced acreage was 20. 1 bushels, 
instead of 22 in 1886, which was less by 4 bushels than an average 
crop. The area, product^ and value by States are" as follows : 


States and Territories. 

Acres. 

Bushels. 


32, 165 

1,132,000 


38, 578 

1,323,000 


62, 091 

2, 204, 000 


59, 997 

2,124,000 


12, 946 

414,000 


58, 140 

1,977,000 


709, 406 

23, 410, 000 


346. 866 

10, 406, 000 


1,394, 501 

44, 905, 000 


216, 595 

4, 332, 000 


719.073 

19,415,000 


2, 153. 126 

37, t)80, OOO 


2, 673, 910 

35, 830, 000 


1 , 501 , 322 

15,013,000 


2, 915, 140 

32, 067, 000 


454, 306 

4,816,000 


2, 464, 827 

33, 522, 000 


1 , 886, 319 

32, 633, 000 


1,001,226 

18, 022, 000 


4, 499, 405 

76, 490, 000 


2, 068, 349 

41,367,000 


3, 497, 848 

75, 204, 000 


658, 755 

12,516,000 


3, 160, 668 

57, 840, 000 


2. 805, 961 

7 . 6 , 797, 000 


641,316 

18, 9;60, 000 

* 

3,569, 994 

71,400 000 


Value. 


912, 870 
1,498,720 
1,486,800 
289, 800 
1,324,590 

13.343.700 
5, 7^3, 300 

22, 452, .500 
1,862,760 
8, 736, 750 
17, 709, 600 

21.139.700 
9, 308, 060 

20 , 202, 210 
3, 419, 360 
18,101,880 
17, 295, 490 
9,191,220 
89, 009, 900 
20. 683, 500 
87,602,000 
0,758, (HO 
30i, 655, 200 
35, 422, 560 
9,086,400 
32,130,009 
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States and Territories. 


Acres. 


Bushels. 


Value. , 


lUiBois 

Wisconsin . 
Minnesota . 

Iowa 

.Miss6uri . . . 
Kansas — 
Nebraska . . 
California . 
Oregon — 
Nevada — 
Colorado . . 
Arizona . . . 

Dakota 

Idaho 

Montana. . . 
New Mexico 

Utah 

Washington 


7, 3-17, 915 
1,018,778 
006, 756 
7, 196, 148 
6, 406, 785 
5,242,979 
3, 865, 158 
156, 752 
6, 673 
863 
31,267 
3,111 
636, 120 
1,989 
908 
51,056 
13, 197 
3,375 


141.080.000 

25.775.000 

18 . 081.000 

183. 502. 000 

140.949.000 

76. 547. 000 

93. 150.000 

4,703,000 

182,000 

24.000 

938.000 

59.000 

20.992.000 

56.000 

25.000 

970.000 

285.000 

74.000 


Total 


72, 


392,720 


1,456, 161,000 


$57,842,800 
10, 825, 500 
6, 689, 970 
64,225,700 
52,151,130 
28, 322, 39i) 
27,945,00.0 
2, 868, 830 
116, 480 
14,880 
590, 940 
38, 350 
7,347,200 
33,600 

15,000 
698,400 
213,750 
49,580 


646, 106, 770 


With a steady increase of area, amounting to about 21 per cent, 
since 1879, the product of this year is the smallest of the series, ex- ' 
cepting only that of 1881. It is less by 9.9 per cent, than the aver- 
age for the period. This average product of eight years is 36.5 per 
cent, larger than that of the ten years preceding. 

The crop of 1887 was one of the lowest in yield ever made. Its 
large area made its product respectable in absolute quantity. The 
cause of decline was drought, which in portions of the western corn 
belt surpassed in intensity that of 1881 in the same districts. The 
damage did not extend to the Atlantic coast, as in that disastrous 
year, nor was it so great on the Gulf coast. 

On the first of March of each year an investigation is undertaken 
to show the prpportion already consumed or distributed. It shows 
that small crops are husbanded and large ones more profusely used, 
as to aggregate bushels, though the proportion of crop disposed of 
is larger in the case of the small crop. While the remainder is 
smaller in percentage, and still smaller in comparative quantity, in the 
small crop year, it is shown that the consumption has been greatly 
economized in such years. The following table presents these com- 
parisons for a series of years : 


March 1 — 

1 

Product. 

On hand 
March 1. 

Per 

cent. 

Consumed or 
distributed. 

1883 

■Bushels. 

1,617,1)00,000 

1.551.000. 000 

1.795.000. 000 

1.936.000. 000 
1,665,090,000 

1.456.000. 000 

Bushels. 

587. 000. 000 

512.000. 000 

675.000. 000 

773.000. 000 

603.000. 000 

508.000. 000 

36.3 

Bushels. 

1.030.000. 000 

1.039.000. 000 

1.120.000. 000 

1.163.000. 000 

1.062.000. 000 
948,000,000 

1884 

33.0 

1885 

37.6 

1^6 

39.9 

1^7 

36.2 

18^ 

34.9 



The effect of the drought is seen in the amount already consumed 
or distributed, which falls under 1 , 000 , 000,000 bushels for the first 
time in six years, and is less by a 114,000,000 bushels than in the pre- 
vious year, and less by 215,000,000 than in 1886, when the largest 
quantity ever reported was in course of distribution. 

The smallest rate of consumption at this date is in the South, 
which requires less winter feeding and more in spring and early 
summer to sustain the plow animals employed in the cultivation of 
corn and cotton. The West, the region of winter feeding, has con- 
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Slimed a larger proportion than in any year since 1882, or almost 70 
per cent. The proportions consumed in the several sections, or 
groups of States, are as follows : 


Sections. 

1883. 

1884. 

1 

1885. 

1886. 

1887. 

1888. 

New England 

Per cent. 
70.2 
62.0 
.56 .5 

Per cent . 
66.2 
68.2 

58.6 
69.3 

70.7 
70.2 

Per cent. 
62 9 

j 

' Per cent. 
61.6 

59.3 

54.6 

61.6 

68.4 
63. 3 

Per cent. 
63.3 
61.8 
58.1 
65. 6 
70 5 

Per cent. 
65.4 
65.6 
55 5 

Middle . T. 

63 4 

Southern 

58 6 

Western 

66! 2 
74.6 
65.0 

1 

63.3 

60.4 

65.5 

69.6 
■ 78.3 
59.5 

Pacific 

Nevada, Colorado, and Territories 

67.0 


Considering quantities rather than proportions, the real signifi- 
cance of the changes in distribution are seen. The South, with a 
good crop, has almost 30,000,000 bushels in excess of the stock of 
last March on hand; while the West, where drought was so severe, 
has a stock less by over 127,000,000 bushels, a reduction of almost 
one-third, notwithstanding the stringent economy in feeding enforced 
by scarcity and high prices. The comparison, by sections, of the 
quantities on hand at the 1st of March of recent years is as follows : 


Sections. 

1885. 

1886. 

1687. 

1888. 


Bushels. 

P.ct. 

Bushels. 

P. ct. 

Bushels. 

P.ct. 

Bushels, 

P. o<, 

New England 

3, 132, 944 

37.1 

3,344,420 

38.4 

3, 208, 200 

36.7 

3, 177, 620 

34.6 

Middle 

29,712,800 

36.6 

34, 165, 780 

40.7 

29, 045, 170 

38.2 

28, 595, 170 

34.4 

Southern 

144, 798, ^ 60 

41.4 

178, 606, 340 

45.4 

158, 354, 600 

41. 9 

187,825,040 

44.5 

Western 

490, 021, 950 

36.7 

549, 084, 080 

38. 4 

405,409,820 

34.4 

278, 119, ICO 

30.4 

Pacific 

1, 965, 920 

39.6 

1,258,400 

31.6 

1,310,640 

29.5 

1,061,960 

21.7 

Nevada, Colorado, and 









Terri toi'ies 

5, 578, 190 

34.5 

6, 587, 470 

36.7 

6, 016, 220 

33.0 

9, 494, 560 

40.5 

Total 

675, 210, 664 

37.6 

773, 046, 490 

39.9 

, 

603,344,650 

36.2 j 
1 

508,273,510 

34.9 


The scarcity of corn in the West appears more conspicuous by 
showing its relative proportion to the aggregate of the stocks on 
hand. Two years ago the Western remainder v/as 71 per cent, of the 
whole; now it is only 55 per cent. Two years ago the Southern re- 
mainder was 23 per cent, of the whole; now it is 37 per cent. This 
explains what could not be understood in the drought districts, even 
by intelligent men, when the crop prospects of the whole country 
pointed to an aggregate so much above the indications of the crops 
in their immediate vicinity. This explains more than three-fourths 
of the incredulity and criticism to which crop reports are subjected. 
The man who has not been out of his own township is vastly more 
confident and dogmatic than he who has visited several States. • The 
la1:ter, however, is sure to judge of forty States and Territories solely 
by what he has seen of the remainder. 

This western division, comprising twelve States, may be appropri- 
ately reduced to seven, usually known as the corn-surplus States, 
Wiiicli alone make any material contributions to the commercial sup- 
ply. These States show a remainder only one-half of that of two years 
ago, A reduction from 481,713,960 to 240,559,080 is extraordinary, 
n.nd would make more impression on prices than is yet apparent but 
for the prevailing general depression, of values. Iowa appears^ to 
have the largest stock, and the largest proportion with the exception 
of Nobraskii. In these States the reduction from last year’s stock in 
March exceeds 100,000,000 bushels. As the commercially available 
maize is nearly all in these States, it is seen that the statistical situa- 
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tidn,is more favorable for liigli prices of corn than for several years. 
The statement is as follows: 


States. 

1885. 

1886. 

1 '1887. 

1888. 


1 

Bushels. 

P.ct. 

Bushels, 

P.ct. 

Bushels. 

P. ct. 

Bushels. 

P.ct. 

Ohin 

31,595,410 

37 

42, 508, 700 

38 

33,671,400 

35 

22, 139, 100 

30 

Trw^ifl.nn. . . 

37, 713, 530 

36 

50, 157, 720 

38 

43, 954, 150 

37 

19, 992, 000 

28 

TlliTmisf .... 

80; 690; 530 

33 

107,599,200 

40 

77, 632, 660 

:7 

43, 734, 800 

31 


95, 988, 000 

38 

92, 148, 480 

38 

59, 654, 100 

30 

62, 390, 680 

34 

Missouri 

•65,390;500 

33 

70; 869, 960 

36 

43,112,700 

30 

39, 465, 720 

28 

70, 770, 000 

43 

60, 188, 200 

38 

40, 547, 840 

32 

18, 371,280 

24 

Nebrasko 1 

54, 945-, 000 

45 

58, 241, 700 

45 

45, 635, 470 

43 

34, 465, 500 

37 

r j 

437,000,950 

37.3 

481,713, 960 

1 

38.8 

344,208,320 

34.4 

^0, 559, 080 

30.8 


An inquirv is made to ascertain as near ly as practicable the pro-, 
portions in each county intended for home consuniption separated 
from those held for shipment beyond the county lines. This table 
makes a smaller quantity held as surplus than has been rex^orted since 
1883. It is scarcely 12 per cent, of tlie crop — 170,340,420 bushels — 
against 288,640,900 reported last March. _ The usual prox3ortion has 
been one-sixth to one-nfth. 74ot all of this surplus is shipped to com- 
mercial markets; not a little, in seasons of abundance and consequent 
cheapness, is shipped short distances across county lines by feeders 
of cattle, sheep, or swina In the present season this source of dis- 
tribution is a limited factor of the movement. 

In the Western group one-fifth of the crop is usually handled com- 
mercially; this year only one-eighth. The eighth of this crop is only 
half as much as the fifth of the previous one. The statement by sec- 
tions is as follows: 


% 

Sections. 

1887. 

1888. 

•Retained for county 
consumption. 

Distribution be- 
yond county lines. 

Retained for county 
consumption. 



Distribution be- 
yond county lines. 

New England 

Middle 

Southern 

Western 

Pacific . 

Nevada, Colorada, 
and Territories — 

i 

Total 

Bushels. 

8, 645, 670 
68. 652, 630 
3;^7, 425. 510 
942, 102, 680 
3, 923, 220 

16,050,390 

P.ct. 

99.0 
90.4 

89.3 
79.8 

88.4 

88.1 

•Bushels. 
87, 330 
7, 326, 370 
40. 440, 490 
238, 096, 320 
516, 780 

2,173,610 

P. ct. 
1.0 
9.6 
10.7 
20.2 
11.6 

11.9 

Bushels. 
9,073,980 
74:758,850 
379, 216, 690 
797, -003, 590 
3,938,940 

21,828,530 

P.ct. 

98.9 

90.0 

89.8 

87.2 
^.6 

93.2 

Bushels. 
100,020 
8, 294, 150 
42,812,310 
116,563,410 
946,060 

1,594,470 

p.ce. 

1.1 

10.0 

19.2 

12.8 

19.4 

6.8 

1,376,800, 100 

82.7 

288, 640, 900 

17.3 

1, 285, 820, 580 

88.3 

170,340,420 

11.7 


-Taking the entire breadth as a whole the merchantable corn ^as 
slightly above the average. It was a little less than that of the pre- 
vious crop, which was not so good as the croj) of 1884^ though better 
than that of 1885, and much better than the frosted crop of 1883. 

The proportion and quantity of merchantable and unmerchantable, 
resx)ectively, in the past five years is as follows: 


1 

Yi^ars. 

Merchantable. 

Unmerchantable. 

1883 - 

Bushels. 
935, 920, 541 
1,593,332, 101 
1,583,012,860 
1, 438, 446, 830 
1,222, 166,360 

per. cent. 
60 
89 
■78 
86 
84 

1 

Bushels. Per. cent. 

615,140,354 40 

202,196,331 ! 11 

353,163,140 I 22 

226,994,170 14 

233,994,640 16 



1885 

1886 

1887 
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Proportion and value per bushel dnd total value of nierchantable and unmerchjant- 

able corn. ' 


I 


t 


Merchantable. 


Unmerchantable. 


States and Territories. 

Bushels. 

Price per 
bushel. 

Value. 

Bushels. 

Price per 
bushel. 

Value. 

Maine 

950, 880 

Cents^. 

80 

$760, 704 

181,120 

Cents. 

52 

$94,182 

New Hampshire 

1,164,240 

80 

931,392 

158,760 

52 

82, 555 

Vermont 

1,917,480 

72 

1,380,586 

286, 520 

‘46 

131,799 

Massachusetts 

1,847,880 

75 

1, 385, 910 

276, 120 

45 

124,254 

Rhode Island 

356, 040 

78 

277, 711 

.57,960 

48 

27,821 

Connecticut 

1,640, 910 

74 

1,214, 273 

336,090 

34 

114, 271 

Now York . , 

19, 664, 400 

64 

12, .585, 21 6 

3, 745, 600 

31 

l, 161 ,ri 6 

New Jersey 

9, 053, 220 

61 

5, 522, 464 

1,352,780 

31 

419, 362 

Pennsylvania 

38, 618, 300 

56 

21,626,248 

6,286,700 

30 

1,886,010 

Delaware 

3, 898, 800 

52 

2, 027, 376 

433, 200 

32 

138,624 

Maryland 

17,085,200 

54 

9,22o,008 

2,329,800 

33 

768,834 

Virg;inia 

32, 028, 000 

56 

17, 935, 680 

5, 652, 000 

32 

1,808,640 

North Carolina 

30, 455, 500 

62 

18,882,410 

5, 374, 500 

33 

1,773,585 

South Carolina 

13,211,440 

<6 

10,040,694 

1,801,560 

35 

630,546 

Georgia 

r/, 256, 950 

77 ■ 

20, 987, 852 

4, 810,050 

36 

1,731,618 

Florida 

4, 141,760 

78 

3, 230, .573 

674,240 

35 

235, 984 

Alabama 

29, 499, 360 

67 

19, 764, .571 

4,022,640 

34 

1,367,696 

Mississippi 

Louisiana 

29, 369, 700 

56 

16,447,032 

3,263,300 

32 

1,044,256 

16, 219, 800 

59 

9, .569, 682 

1.802,200 

35 

630, 770 

Texas 

68, 076, 100 

57 

38, 803, 377 

8,413,900 

36 

3, 029, 004 

Arkansas 

a5, 989, 290 

54 

19, 434, 217 

5, 377, 710 
12,784,680 

35 

1,882,199 

Tennessee 

62, 419, 320 

53 

33,082,240 

33 

4,218,944 

West Virginia 

10, 388, 280 

58 

6. 02:, 202 

2,127, 720 

34 

723,425 

Kentucky 

41,644,800 

60 

24, 986, 880 

16,195,200 

35 

.5,668,320 

Ohio 

63, 465, 420 

54 

34.271,327 

10,331,580 

34 

3,512,737 

Michigan 

12, 683, 100 

5,5 

6, 975, 705 

6, 2-16, 900 

35 

2, 186, 415 

Indiana 

€0; 690, 000 

52 

31,558,800 

10,710,000 

34 

3,641,400 

Illinois* 

119,918,000 

47 

56,361,460 

21,162,000 

32 

6,771,840 

Wisconsin..,. 

20, 362, 250 

48 

9, 773, 880 

5,412,750 

34 

1,840,335 

Minnesota 

13, 379, 940 

43 

5, 753, 374 

4, 701,060 

26 

1,222,276 

lov/a 

161^481,760 

39 

62, 977, 886 

22,020,240 

30 ■ 

6,606,072 

Missouri 

115, 578, 180 

44 

50,854,399 

25, 370, 820 

31 

7, 864, 954 

Kansas 

46, 693, 670 

46 

21,479,088 

29,853,330 

32 

9, 553, 066 

Nebraska 

85; 698, 000 

35 

29, 994, 300 

7,452,000 

18 

1,341,360. 

California 

4, 326, 760 

73 

3, 158, 535 

376, 240 

40 

150,496 

Oregon 

160,160 

70 

112.112 

21,840 

31 

6, 770 

Nevada 

19,200 

73 

14,016 

4,800 

30 

lv440 

Colorado 

778, 540 

68 

529, 407 

159, 460 

42 

66,973 

Arizona .... 

46; 610 

80 

37, 288 

12,390 

45 

5, 576 

Dakota 

18, 892, SOO 

38 

7,179,264 

2,099,200 

25 

524,800 

Idaho 

44, 800 

67 

30, GIG 

11,200 

38 

4, 256 

Montana 

20.000 

66 

13, 200 

5,000 

37 

1, 850 

New Mexico , 

776; 000 

82 

636, 320 

194, 000 

46 

89, 240, 

Utah 

199, 500 

70 

139, 650 

85, 500 

42 

35, 910 

Wa^shington 

M, 020 

75 

40, 515 

19, 980 

45 

8,991 

Total 

i 

1,222,166,360 

50. 6 

618, 018, 840 

233, 994, 640 

32.1 

75, 130,594 


The value of the crop on the basis of March prices of merchanta- 
ble and unmerchantable corn, separately estimated, is stated as fol- 
lows : 


Merchantable, at 50.6 cents per bushel 
Unmerchantable, at 32.1 cents 


$618, 018, 840 
75, 130, 504 


Total value, basis of March 1 . . 
Value, basie of December prices 


693, 149, 484 
646, 106, 770 


The average value per bushel, on the December basis, was 44.4 
cents; three months later, on separate estimates of merchantable and 
unmerchantable, 47.6, an increase of only 3.2 cents, a very moderate 
difference, as prices in years of scarcity usually advance as the supply 
is reduced. The December value represents quite nearly the value 
to the growers, as a part of the crop had already been consumed or 
sold at still lower prices, and that date is undoubtedly a fair one on 
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which, to take account of values. The average farm prices (Decem- 
ber) are the highest in, twelve years, except in 1881 and 1882, this 
exception being due entirely to failure of 1881. The advance from 
last year was 7.8 cents per bushel, equivalent to 21 per cent. The 
following statement gives annual averages for the principal corn- 
growing States and for the United States for twelve years: 


States. 

1876. 

1877. 

1878. 

1879. 

1880. 

1881. 

1882. 

1883. 

1884. 

1885. 

1886. 

1887. 


Cents, 

Cents. 

Cents. 

Cents, 

Cents. 

Cents. 

Cents. 

Cents. 

Cents. 

Cents. 

Cents. 

Cents. 

Kentucky 

3a 

32 

40 

37 

38 

70 

52 

42 

4;l 

35 

34 

53 

Ohio 

38 

40 

33 

39 

41 

61 

62 

47 

41 

32 

35 

48 

Michigan 

52 

39 

38 

45 

46 

63 

59 

52 

40 

34 

38 

48 

Indiana 

31 

34 

27 

34 

40 

60 

48- 

41 

34 

29 

32 

45 

Illinois 

31 

29 

25 

31 

36 • 

58 

47 

40 

31 

28 

31 

41 

Wisconsin 

4i 

33 

29 

39 

39 

54 

53 

48 

34 

34 

37 

42 

Minnesota 

40 

33 

29 

27 

36 

53 

45 

43 

33 

32 

34 

37 

Iowa 

25 

25 

IG 

24 

26 

44 

38 

32 

23 

24 

30 

35 

Missouri 

28 

27 

26 

25 

36 

65 

39 

35 

26 

25 

31 

37 

Kansas 

24 

21 

19 

27 

29 

58 

37 

26 

oo 

24 

27 

37 

Nebraska 

27 

18 

16 

21 

25 

39 

33 

24 

18 

19 

20 

30 

Dakota 








51 

45 

30 

28 

37 

35 

United States. 

37 

35.8 

31.8 

37.5 

39.6 

63.6 

48.4 

42.4 

35.7 

32.8 

36.6 

44.4 


The actual export prices are herewith given. Instead of com- 
paring those sea-port values of exports with average farm prices, 
the farm prices of the States beyond the Mississippi, which furnish 
most of the export corn, will show more accurately the cost of ship- 
ping a long distance: 


Years ended June 30 — 

Price. 

Years ended .1 one 30— 

Price. 

\ 

1878 

Cents. 

56. 2 

47.1 

54.3 

55.2 
66.8 

1883 

'‘Cents. 

68.4 

61.1 

54.0 
49.8 

48.0 

1879 

1884 

1880 

1885 

1881 

1886 

1882 

1887 
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WHEAT. 

Production of wheat has not only kept pace with consumption, 
but has recently been slightly in excess. Of course this refers to 
the wheat-producing nations of the world, and not merely to this 
country, which has increased its million acres of excess over home ' 
requirements to 10,000,000 acres at the present time, a breadth much 
larger than the surplus acreage of all others combined outside of 
Europe. 

It is a significant fact in connection with the rapid increase of pop- 
ulation, and with the decline in proportion of rural population, that the 
supply of forty years ago should not only be sustained but increased. 

In 1849 the product was 4.33 bushels for each inhabitant; in 1859, 
5.5; in 1869, 7.46; in 1879, 9.16; in 1884, 9.16 per capita. For three 
years past the seasons have not favored a continuance of so large 
production. 

From 1849 to 1884, a period of thirty-five years, the increase of 
population was 141 per cent,, while the increase in production of 
wheat was 410 per cent. 


Report of the Statistician, U. S. Department of Agriculture, 1887. 


Diagram 6. 



38, 430,333 


1879. 


453, 483, 137 Bushels. 





39,476,865. A.cres. 


1884. 


512, 755MQ0 Bushels. _ 
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The movement of wheat growing has been westward- during this 
period. The increase in absolute quantities on the Atlantic coast 
has been very slight, while the proportion has declined from 51.4 to 
12.2 per cent. Half of the crop was then produced on the Atlantic 
coast, the eastern slopes of the Alleghanies. In 1884 hali of the ci'op 
was grown beyond the Mississippi, and only one-twentieih on the 
Atlantic coast. This movement is shown in the following state- 
ment: 


■ 

1849. 

1859. 

1869. 

1879. 

1884. 

Atlantic coast 

Central belt 

Trans-Mississippi 

Bushels. 
51,674,390 
43, 522, 646 
5, 288, 908 

Bushels. 
53, 306, 897 
94,453,609 
25, 339, 418 

Bushels. 
54, 9B6, 610 
143, 360, 613 
89,388,403 

Bushels. 
58,711,603 
229, 265, 180 
171,506,354 

Bushels. 

62,703,000 

185.136.000 

264.926.000 

Total 

100,485,944 

173, 104, 924 

287,745,626 

459, 483, 137 

512,765,000 


The percentages of each crop in the three subdivisions of territory 
are: 



1849. 

1859. 

1869. 

1879. 

1884. 

s 

Atlnnt.if' 

51.4 

30.8 

19.1 

12.8 

12.2 

1. Bplt, 

43.3 

54.6 

49.8 

49. 9 

36.1 

Trans-Mississippi 

5.3 

14.6 

31.1 

37.3 

51. 7 

• 

100 

100 

100 

100 

100 


The acreage was not officially reported in the earlier periods, ]pnt 
after such investigation as has been practicable, it is believed that 
the following statement approximates the breadth of wheat at each 

date : 



Acreage. 

Product. 


Acres. 

8,000,000 

Bushels. 
100,485,944 
173, 04,924 
287, 745, 626 
459,483,137 
512,765,000 


14,500,000 


20, 000, 000 
35,430, 333 
39, 475, 885 




— — — 


Diagram B presents to the eye the relative proportions of these 
figures, the breadth grown being indicated by the comparative sur- 
face of each field, and the quantity by comparative car capacity, 

typifying its movement toward consumption. .qiconu 

Wheat growing was stimulated greatly between 187o and 1880 by 
a series of crop failures in western Europe, causing a demand which 
never existed before, has not existed since, and_ may never again, al- 
though the exigency is quite possible. Meantime the world s pio- 
duction has kept up, with little change or diminution depressing 
prices and furnishing cheap bread to consumers and little pront to 
producers. And yet the inquiry is made, why are wheat prices so 

low? In view of these facts, the question needs no answer, it is 
utterly useless to pretend reduction of area, as some do, where there 
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is none, for prices do not depend upon prophecy of future diminution 
of supplies, but upon stocks in sight. It. is the policy of buyers to 
ignore ail grain not in commercial hands, even when they have 
no doubt of its existence, thus postponing the evil day of higher 
values. A false prophecy is soon exposed, bringing decay of confi* 
dence in the prophet. 

The influence of overproduction on prices is seen in a comparison 
of the farm prices per bushel for the two periods, viz, $1,049 and 
$0,833, respectively, showing a reduction of 20.6 per cent. The value 
of an acre of wheat has declined from $13 to $10.06, a loss of 22. C per 
cent. The yield has averaged three-tenths of a bushel less than for 
the former period, the difference being due to the extremely low 
yields of 1881 and 1885-. The average has been 12.1 bushels per acre. 
Any series of five years, not including both of these two, will show a 
larger fraction above 12 bushels as an average. The comparison is 
as follows: 


Years. 

Total produc- 
tion. 

Total area 
of crop. 

Total value 
of crop. 

Average 
value per 
bushel. 

Average 
yield per 
acre. 

Average 
value per 
acre. 


Bushels. 

Acres. 


Cents. 

Bushels. 


1880 

498, 549, 868 

37, 986, 717 

$474,201,850 

95. 1 

13.1 

$12.48 

1881 

383,280,090 

37, 709, 020 

456, 880, 427 

119.3 

10.2 

12. 12 

1882 ! 

504, 185, 470 

37, 067, 194 

444, 602, 125 

88.2 

13.6 

11.99 

1883 

421,086,160 

36, 455, 598 

888, 649, 272 

91.0 

11. t3 

ID. 52 

1^ 

512, 765, 000 

39, 475, 885 

330, 862, 260 

64.5 

13.0 

8.38 

18^ 

357,112,000 

34, 189, 246 

275, 820, 390 

77.1 

10.4 

8.05 

1886 

457,218,000 

36, 806, 184 

314, 226, 020 

68.7 

12.4 

8.54 

1887 

456, 329, 000 

37,641,783 

310, 612, 960 

68.1 

12.1 

8.25 

Total ... 

3, 590, 525, 588 

297,331,622 

2, 990, 355, 304 









AnUrual average 

448, 815, 699 

37, 166, 4.58 

373,794,413 

83.3 

12.1 

10.06 

Ainiuai average for pre- 







ceding ten years j 

312, 152, 728 

25,187,414 

327, 407, 258 

104.9 

12.4 

IS.'OO 


The changes of the year are a slight reduction of the winter- wheat 
area and an increase of the spring- wheat acreage, making an increase 
in the breadth of wheat of over 2 per cent. The reduction of the win- 
ter variety, though small, is somewhat larger, actually, than it seenis, 
by reason of the constant increase of population. Thus not to ad- 
vance is to fall away. W e need not expect an absolute reduction of 
the wheat area, though it will almost certainly be less relatively' in 
the future. 

The production of the year is ample for the wants of the country, 
and for an exportation or about 125,000,000 bushels, without trench- 
ing upon the small reserves of previous harvests. The estimates of 
production, as recorded in our reports, average 448,000,000 bushels, 
in round numbers, for seven years since 1880, not including the pres- 
ent year. The exportation averages nearly 136,000,000 bushels, and 
with estimates of seed and bread the entire distribution averages over 
447,000,000 bushels. The difference is less than the losses by fire and 
fotindering eii route to market.' These figures may not be absolute 
proof of the accuracy of the estimates, because the consumption itself 
is estimated. But as no one has furnished evidence to disprove the 
accuracy of the rate of consumption of 4f bushels per capita, there 
is no peg in existence upon which to hang a doubt of the substantial 
verity of the estimates. As the range ef annual production is more 
than 150,000;000 bushels, and that of exportation as large proportion- 
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ally, the estimates made in advance of consumption are entirely in- 
dependent of the ultimate facts of distribution, and are made entirely 
from the crop records of the year. 

As to the per capita rate of consumption, it is almost a bushel less 
than that of Great Britain; and it corresrjonds with all data of local 
distribution that has been found available, especially in New Eng- 
land and th^ Middle States, which obtain a large portion of their 
supply from the West. Those States consume 5 bushels, and the 
W est quite as much, while some of the Southern States require but 
3 or 4. The average of 4|- bushels was fixed ten years ago from an 
exhaustive study of the local facts of distribution, and will be changed 
only on xiroof of inaccuracy, or at least a strong presumption fortified 
by ample facts. It should be remembered that in addition to wheat, 
about 3 bushels per head of maize is used for human food, besides 
oatmeal, rye. and buckwheat, making the fullest bread ration of any 
nation in the TVorld. 

If this rate is too high, then the estimates are too high; if too low, 
they are equally understated. That they are not too high is a rea- 
sonable conclusion from the fact that in 187D the wheat estimate was 
2 per cent, lower than the census enumeration, and in 1869 it was 6 per 
eent, lower, and that all estimates of area and of comparative Prod- 
uct tend naturally to be low rather than high, notwithstanding efforts 
made to prevent underestimate. 

The following table presents the exports and home consumption 
in comparison with the estimates of production, the latter made 
months before it is possible to know the extent of the year’s contri- 
bution to the supply of the European deficiency : 


Years. 

Production. 

For food. 

For seed. 

i 

Exportation. 

Total distri- 
bution. 

1 

1880 

Bushels. 
498, 549, 868 
383, 380, 090 
504, 185, 470 
421,086,160 

513. 765. 000 

357. 113. 000 

457. 318. 000 

Bushels. 
342, 086, 655 
335, 349, 812 

255. 500. 000 

259.500.000 

365. 000. 000 

271.000. 000 

277.000. 000 

Bushels. 
56, 563, 530 
55, 315, 573 
52, 770, 313 
54, 683, 389 
55, 266, 239 
51,474,906 
51,528,658 

Bushels. 
186,321,514 
121,892, 389 
147,811,316 
111,534,182 
132, 570, 367 
94, 565, 794 
153,804,970 

Bushels. 

484. 971. 699 
412,357,774 

456.081.628 
425, 717, 571 
452, 836, 606 

417.040.700 

482. 333. 628 

1881 

1883 • 

1883 

1884 

1885 

1886 

Total 

3, 134, 196, 588 

1,805,336,467 

377, 502, 607 

948, 500, 532 

3, 131, 339, 606 

Averace 


447,743,370 

257, 905, 210 

53, 928, 944 

135, 500, 076 

447, 334, 239 



Thus in seven years since 1879 the average of annual estimates is 
447,742,320 bushels, and the distribution 447,334,229 bushels. This 
is marvelous closeness, especially in view of the fiuctuating export, 
ranging from 186,321,514 to 94,565,794 bushels. Thus three-tenths 
of our wheat has been exported in the last seven years, and the pro- 
portion exported of the last crop (one-third) is only exceeded by the 
unprecedented volume and percentage of the crop of 1880, and only 
twice exceeded in the history of our wheat exportation. 
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The following table gives the estimated acreage, product, and 
value of the crop of 1887 : 


states and Territories. 


Acres. 


Bushels. 


Value. 




Maine . . . ; 

New Hampshire 

Vermont 

Massachusetts . . 

Connecticut 

New York 

New Jersey 

Pennsylvania . . . 

Delaware 

Maryland 

Virginia 

'North Carolina . 
South Carolina . 

Georgia 

Alabama 

Mississippi 

Texas 

Arkansas 

Tennessee 

West Virginia . . 

Kentucky 

Ohio 

Michigan 

Indiana 

Illinois 

Wisconsin 

Minnesota 

Iowa 

Missouri 

Kansas 

Nebraska 

California 

Oregon 

Nevada 

Colorado 

Arizona 

Dakota 

Idaho 

Montana 

New Mekico 

Utah 

Washington .... 

Total 


39, 460 
10,485 
21,351 
1,080 
2, 171 
666,883 
143, 083 
1,421,151 
94, 790 
562, 836 
635, 838 
717,442 
192, 637 
382, 094 
207, 115 
41,770 
544,977 
231,357 
1,199,400 
302, 177 
1,089,493 
2, 740, 087 
1,629,467 
2, 802, 083 
2,425,092 
1,268,208 
3. 129, 208 
2, 683, 676 
1,712, 603 
792, 394 
1,642, 127 
2, 766, 235 
920, 026 
5,570 
119, 709 
22, 450 
3, 664, 737 
64,015 
97, 786 
81,372 
103, 738 
463, 610 


37,641,783 


48J,000 

110,000 

320,000 

16,000 

37,000 

10. 137. 000 

1.459.000 

13.785.000 

929.000 

5.797.000 

4. 832. 000 

5. 094.000 

1.233.000 

2. 522. 000 

1.305.000 

313.000 

5. 450. 000 

2. 290. 000 

9. 595. 000 

2.840.000 

11.113.000 

35.895.000 

21.672.000 

37. 828. 000 

36.861.000 

13.063.000 

36. 299. 000 

26. 837. 000 

27. 744. 000 

7.607.000 

16.585.000 

30. 429. 000 

16. 100. 000 

111.000 

2. 514. 000 
303,000 

52, 406, 000 

1 . 120.000 

1.760.000 

1 . 221.000 

1.971.000 

8.345.000 


$505, 050 

114.400 
307, 200 

16,000 
36, 630 
8, 312, 340 
1,269,330 
11,165,850 
780, 360 
4, 811,510 
3, 913, 920 
4,4S2,7'20 
1,220, 670 

2. 395. 900 

1.278.900 
297,350 

4, 360, 000 
1,877,800 

7.388.150 
2, 158,400 
8, 112, 490 

26,921,250 

16.037.280 
27, 236, 160 
25, 802, 700 

8,360,320 

21,416,410 

16,370,570 

17.201.280 
4, 640, 270 
8,790,050 

22, 517, 460 
10,948,000 
88,800 
1,885,500 
248,460 
27, 251,120 

662. 400 
1,337,600 

1.098.900 
1,202, 310 

5.591.150 


456,329,000 


310, 612, 960 




On the 1st of March of each year an estimate is made of the pro- 
portion of the preceding crop still in the hands of farmers. The 
investigation shows a smaller proportion on hand than usual, the 
lowest reported except in 1882 ahd 1887. It is 28.9 per cent., w^hich 
is less than the percentage in 1881, 1885, and 1886, and about the same 
as in 1888 and 1884. The crop was about the same as that of 1886, 
though the exportation has been less than in the previous year. The 
following table shows the remainders reported on hand March 1 since 
1880 : 


V 

Years. 

Crops 
of previous 
years. 

In farmers’ hands 
March 1. 

1888 

Bushels. 

456. 329. 000 

457.218.000 

357. 112. 000 

512. 765.000 
421,086,160 
504, ia5, 470 
383,280,090 
498,549,868 

Bushels. 

132. 000. 000 

122. 000. 000 

107. 000. 000 

169.000. 000 

119.000. 000 

143. 000. 000 
98,000,000 

145.000. 000 

Pe7’ 

cent. 

28.9 

1887 


26; 7 

1886... 


30.1 

1885 


33.0 

1884 


28.3 

1883....; 


28.4 

1882 


2.5.6 

1881 


29.1 

« 
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The crop was an average one in yield, and the stock remaining in 
farmers’ hands is also near an average. The returns are full, and 
those of the State agent system, while not in every State identical 
with those from the direct correspondents of the Department, are in 
close agreement with them. 

The crop year and the fiscal or export year beginning at the same 
date, July 1, the movement on the basis of actual exports and recog- 
nized consumption should be calculated from that date. It shows of 
uncounted wheat on the 1st of March 10,000,000 bushels, as follows : 

Bushels. Bushels. 


Visible supply July 1, 1887 : 34, 000, 000 

Crop, 1887 456, 000, OCQ 


490, 000, 000 

Consumption, July 1 to February 29, 1S88 187, 000, 000 

Seed for winter wheat 34, 000, 000 

Exported July 1 to Febmary 29, 1888 89, 000, 000 

Visible supply March 1, 1888 38, 000, 000 

In farmers’ hands March 1, 1888 132,000,000 

480, 000, 000 


Uncounted 10, 000, 000 


There is still an uncounted quantity, which is an element of uncer- 
tainty difficult to eliminate. It is the wheat not consumed, not in 
visible stock, or reported in the hands of farmers, but in country 
elevators, in mills, both as wheat and flour, and as flour in commer- 
cial distribution to actual consumers. This is less at the end of the 
crop year, when the drain of distribution, foreign and domestic, has 
been continuous for twelve months. It is greater in other periods 
of 1)116 crop year, especially after the very active distribution of the 
first six months. 

Surplus and distribution by groups of States. 


Sections. 

1 

Crop of 1887. 

Stock on hand 
March 1,1888. 

Retained for coun- 
ty consumption. 

Distribution be- 
yond county lines. 


Bushels. 

Bushels. 

P.ct. 

1 

Bushels. 

P.ct. 

Bushels. 

P.ct. 

New England 

964,000 

407, 220 

42.2 

954,360 

99.0 

9,640 

1.0 

Middle 

26,310,000 

9,025,380 

34.3 

15,872, 660 

60.3 

10,437,340 

39.7 

Southern. 

38,431,000 

9,941,230 

25.9 

24,787,930 

64.5 

13, 643,070 

35.5 

Western 

274, 344, 000 

80,035.710 

29.2 

124, 648, 840 

45.4 

149, 695, 160 

54.6 

Pacific 

46, 529, 000 

13,350,120 

28.7 

13,045,830 

28.0 

33,483,170 

72.0 

Nevada, Colorado, and Ter- 
ritories 

69,751,000 

19,335,220 

27.7 

20, 853, 180 

29.9 

48, 897, 820 

70.1 

Total 

456,329,000 

132, 094, 880 

28.9 

200, 162, 800 

43.9 

256, 166, 200 

56.1 


The proportion reported for distribution is slightly reduced, and 
the aggregate is 256,166,200, instead of 263,179,110 last year. 


Stock on hand and amount retained for home consumption March 1, 1888. 

c 


States and Territories. 


Maine 

New Hampshire 

Vermont 

Massachusetts . . 
Connecticut .... 

New York 

New Jersey 

Pennsylvania . . . 
Delaware 


I 


Crop of 1887. 

Stock on hand 
March 1, 1888. 

Consumed in county 
where grown. 

Shipped out of coun- 
ty where grown. 

Bushels. 

Bushels. 

P. ct. 

Bushels. 

P. ct. 

Bushels. 

P.ct. 

481,000 

173,160 

36 

476, 190 

99 

4,810 

1 

110,000 

51,700 

47 

108, 900 

99 

1,100 

1 

320; 000 

166, 400 

52 

316, 800 

99 

3,200 

1 

16,000 

5,600 

35 

15,840 

99 

160 

1 

37,000 

10,360 

28 

36,680 

99 

370 

1 

10,137,000 

3,547,950 

35 

6,183,570 

61 

3, 953, 430 

39 

1,459,000 

466, 880 

32 1 

1 1,065,070 

7'3 

393, 930 

27 

13,785,000 

4,824,750 

35 

8,271,000 

60 

5,514,000 

40 

929,000 

185,800 

20 

1 353,020 

38 

57'5, 980 

62 


/ 
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Stook on hand and amount retair^edfor home consumption March 1, 1888— Cont’d. 


States and Territories. 

Crop of 1887. 

Stock on hand 
March 1, 1888. 

Consumed in county 
where grown. 

1 > ' 

Shipped out of coon 
ty where grown. 


Bushels. 

Bushels. 

B. ct. 

Bushels, 

P. ct. 

Bushels. 

P,ct. 

Maryland 

5,797,000 

1,217,370 

21 

1,855,040 

32 

3,941,960 

68 

Virginia 

4, 832, 000 

1,208,000 

25 

2, 222, 720 

46 

2, 609,' 280 

54 

North Carolina 

5, 094,000 

1, 579, 140 

31 

4, 533, 660 

89 

' 560; 340 

11 

South Carolina 

1,233,000 

271,260 

22 

. 1,134,360 

92 

98,640 

8 

'' Georgia 

2, 522, 000 

630, 500 

25 

' 2, 269, 800 

90 

252, 200 

10 

Alabama 

1,30.5,000 

300, 150 

23 

1,135,350 

87 

169; 650 

13 

Mississippi 

313,000 

53, 210 

17 

297, 350 

95 

15, 650 

5 

Texas 

5, 450, 000 

1,308,000 

24 

3, 924, 000 

72 

1,.526, 000 

28 • 

Arkansas 

2, 290, 000 

687. 000 

30 

1,946,500 

m 

' 343 ; 500 

15 

Tennessee . 

9,595,000 

2, 686, 600 

28 

5, 469, 150 

57 

4, 125 ; 850 

43 

West Virginia 

2, 840, 000 

908, 800 

32 

1,874,400 

•66 

' 965; 600 

34 

Kentucky 

11,113,000 

2, 667, 120 

24 

6, 667, 800 

60 

4,445,200 

40 

, Ohio 

35, 895, 000 

10, 768, 500 

30 

16, 152, 7.50 

45 

19,742,250 

55 

Michigan 

21,672,000 

6,284, 880 

29 

7,801,920 

36 

13,870,080 

04 

Indiana 

37,828,000 

10, 591,840 

28 

13, 618, 080 

36 

24, 209, 920 

64 

Illinois 

36,861,000 

8, 846, 640 

24 

13, 638, 570 

37 

23,222,430 

63 

Wisconsin 

13,063,000 

4, 833, 310 

37 

7, 315, 280 

56 

5, 747, 720 

44 

Minnesota 

30, 299, 000 

10, 889, 700 

30 

9, 8iK), 730 

27 

26, 498, 270 

73 

Iowa 

26, 837, 000 

9, 392, 950 

35 

19, 054, 270 

1 71 

7,782,730 

29 

Missouri 

27, 744, 000 

7, 490, 880 

27 

15, 536, 640 

56 

12, 207, 360 

44 

‘Kansas 

7, 607, 000 

2, 053, 890 

• 27 

4, 564, 200 

60 

3, 042, 800 

40 

Nebraska 

16, 585, TOO 

5, 307, 200 

32 

8, 624, 200 

52 

7, 960, 800 

48 

California 

30, 429, 000 

8, .520, 120 

28 

8,215,830 

27 

22, 213, 170 

73 

Oregon 

16,100,000 

4, 830, 000 

30 

4,830,000 

30 

11,270,000 

70 

Nevada 

111,000 

32, 190 

29 

88,800 

80 

22,200 

20 

Colorado 

2,514.000 

678, 780, 

27 

1,106,160 

44 

1,407,840 

56 

Arizona 

303, 000 

78, 780 

26 

239, 370 

79 

63,630 

21 

Bakota 

52. 4iJ6. 000 

14, 149, 620 

27 

9, 957, 140 

19 

42, 448, 860 

81 

Idaho 

1, 120.0 0 

336 < 00 

30 

784, 000 

70 

336,000 

30 

Montana 

' 1,760,000 

492, 800 

28 

1,020,800 

58 

739,200 

42 ' 

New Mexico 

1,221,000 

329, 670 

27 

1,060,060 

86 

170,940 

14 

Utah 

1,971,000 

650, 430 

33 

1,182,600 

60 

788,400 

40 

Wai^ington 

8, 345, 000 

2, 586, 950 

31 

5,421,260 

65 

2, 920, 75flfl 

35 

Total 

> 

456, 329, 000 

132,094,880 

1 

28.9 

200, 162, 800 

43.9 

256, 166, 200 

56.1 


Average price of wheat for the years 1875-’87. 


States. 

1875. 

1876. 

1877. 

1878. 

1879. 

1880. 

1881. 

1882. 

1883. 

1^4. 

1885. 

1886. 

1887 

Kentucky 

Ohio 

Michigan 

Indiana 

lUinois 

Wisconsin 

Minnesota 

Iowa 1 

Missouri 

Kansas 

Nebraska 

Dakota . 

/ 

SI. 05 
1.09 
1.15 
.97 

.91 

.91 
.86 
.71 
. 95 
.87 
.64 

SI. 00 
1.14 
1.16 
1.02 
.93 
1.01 
.90 
.90 
,89 
.86 
.73 

$0.99 

1.24 

1.22 

1.13 

1.04 

.93 

.91 

.87 

1.00 

.82 

.83 

$0. 76 
.86 
.85 
.81 
.75 
.67 
.51 
.50 
.67 
.59 
.49 

11.08 

1.20 

1.17 

1.17 

1.07 

1.04 

.94 

.92 

1.01 

.89 

.84 

$0. 93 
1.02 
.97 
.99 
.95 
1.00 
.87 
.82 
.89 
.70 
.73 

$1.31 

1.29 

1.25 

1.27 

1.22 

1.19 

1.06 

1.06 

1.19 

1.05 

.97 

$0.90 

.95 

.90 

.90 

.86 

.90 

.82 

.70 

.85 

.67 

.67 

.80 

$0. 95 
.99 
.96 
.95 
.92 
.88 
.80 
.80 
.88 
.78 
.70 
.72 

$0.74 
.75 
• .74 
.67 
.63 
.60 
.50 
.55 
.62 
.45 
.42 
.46 

0. 95 
.91 
.84 
.86 
.81 
.76 
.70 
.67 

r*n 
. i i 

.65 

.57 

.63 

$0. 72 
■ .74 
.73 
.70 
.69 
.68 
.61 
.60 
.63 
.58 
.47 
.52 

$0. 73 
.75 
.74 
.72 
.70 
.64 
.59 
.61 
.62 
.61 
.53 
.52 

United States 








1.00 

1.037 

1.082 

.777 

1.108 

.951 

1.193 

.882 

.911 

.645 

.771 

.687 

.681 


The average export price is as follows for twelve years; 


1875 

1»?6 

1877 

1878 

1879 
,1880 
1881 


TTTT 


Year ended June 30- 


Average 

price. 

1 ~ 

Year ended June 30— 

$1.12 

1.24 

1.17 

1.34 

1.07 

1.24 

1.11 

1882 

18S3 

1884 

1885 

1886 1 

1887 



Average 
price. ' 


Si. 19 
1.13 
1.07 
.80 
.87 
.89 
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The farm value of the wheat crop of 1887 was $3;Uh612^9hQ, as re- 
ported in December, averaging 68.1 cents per bushel; but the export 
wheat, coming from the hTorthwest mainly, had a probable farm value, 
as delivered by the growers, of about 59 cents per bushel. 

WEIGHT PEK BUSHEL. 


The average weight of the crop is slightly increased, scoring the 
highest point for several years, 58. 5 pounds per measured Winchester 
bushel. The record for the crop of 1886 was 58.4; for 1885 it was 57 
pounds; for 1884 it was 58.6 pounds; and for 1883 it was 56.9 pounds. 
This makes an equivalent of 445,047,538 bushels of 60 pounds each. 

In fixing the averages for States, estimates have been received from 
three sources: (1) from county correspondents, (2) from State agents, 
(3) from millers. In rnost eases there was a reasonable agreement. 
Where discrepancies occurred, they were harmonized in accordance 
with the history of crop conditions affecting quality. The millers 
have the best opportunity to test weights, and if they know how their 
takings compare with the body of wheat of all grades, their judgment 
is entitled to preference; they do not always agree, however, in their 
estimates. 

Weight per Jmshel. 



Maine 

New Hampstiire 

Vermont , 

Massachusetts . 
Connecticut — 

New York 

New Jersey- 
Pennsylvania . . 

Delaware 

Maryland 

Virginia 

North Carolina . 
South Carolina. 

Georgia 

Alabama 

Mississippi 

Texas 

Arkansas 

Tennessee 

West Virginia . . 

Kentucky 

Ohio 

Michigan 

Indiana 

Illinois 

Wisconsin 

Minnesota 

Iowa 

Missouri 

Kansas 

Nebraska 

California 

Oregon 

Nevada 

Co>lorado 

Arizona. 

, Dakota ......... 

Idaho 

Montana 

New Mexico .... 

Utah 

Washington .... 

Total 


59 

59.7 

59.5 

59. 5 

57. 5 

58.2 

58. 5 

58. 3 
59 

59. 5 
59. 7 


481.000 

110.000 

320,000 

10,000 

37,000 

10. 137. 000 

1.459.000 

13.785.000 

929.000 

5.797.000 

4. 832. 000 

5.094.000 

1.233.000 

2.522.000 

1.305.000 

313.000 
5,450,000. 

2. 290.000 

9.595.000 

2.840.000 

11.113.000 

35. 895. 000 

21.672.000 

37.828.000 

36,861,000 

13. 063. 000 

36. 299. 000 

26. 837. 000 

27. 744. 000 

7. 607. 000 

16. 585. 000 

30.429.000 

16.100.000 

111.000 

2 . 514. 000 
303,000 

52,406,000 

1 . 120.000 

1.760.000 

1 . 221.000 
1,971,0110 
8, 345, 000 


Pounds. 

26. 936. 000 
6,160,000 

18. 240. 000 
928,000 

2. 127.500 

582. 877. 500 

84.622.000 

794. 016. 000 

52. 953. 000 

333. 327. 500. 

280. 256. 000 
295, 452,-QOO 

72.130.500 

143.754.000 

75. 690.000 

18. 467. 000 

316., 100, 000 

132.820.000. 

566. 105.000 

167.560.000 

650.110.500 

2.117.806.000 

1.278.648.000 

2.250.766.000 
2,193,229,500 

748,509,900 
2, 098,082,200 

1.529.709.000 

1.650. 768.000 

483. 599.000 

945. 345. 000 

1.795. 311.000 

961.170.000 

6. 604. 500 

149.583.000 

17.422.500 
3,050,029,200. 

‘ 65,520,000 

102.608.000 

72. 039. 000 

117.274.500 

498.196.500, 


448,933 
102, 667 
304,000 
15,467 
35,458 
9,714,625 
1,410,367 
13, 233, 600 
882,550 
5,555,458 
4, 670, 933 
4, 924, 200 
1,202, 175 
2,395,900 
1,261,500 
307,783 
5, 268, 333 

2. 248. 667 
9,4a5,0^ 

2.792. 667 
10,835,175 

35.296.750 

21.310.800 
37, 512, 767 
36,553,825 
12, 475,165 
34,968,037 
25, 495, 150 

27.512.800 
7, 226, 650 

15.755.750 
29,921,&50 
16,019,500 

110,075 
2, 493,060 
290,375 
50,833,820 
1,092,000 
l,710,m 
1,200,65b 
1,954,575 
8, .103, 275 


58. 5 456, 329, 000 
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It is seen that the heaviest wheat is that of Indiana and Illinois, 
the Rocky Mountains and Pacific coast. ' 

OATS. 

The increase of the area of oats has been greater than that of corn 
or wheat, and still there is no surplus. The average was 11,000,000 
acres for 1870-79, and 21,000,000 for 1880-' 87. The averages of yield 
per acre, respectively, 28.4 and 26.5 bushels, a small decrease, while 
the increase of aggregate product has been 74. 5 per cent. The en- 
larged supply has reduced the average of price per bushel from 35.3 
to 32,8 cents, and the average value per acre from $10.03 to $8.71. 
The use of oatmeal as food for, man has enlarged the demand for 
oats, and the necessity of partial substitution of oats for corn in the 
feeding of horses in the South is steadily enlarging the requirement 
in that direction. The area has increased proportionally more than 
that of wheat or corn, and the price has declined less, showing the 
need of a larger supply than formerly for domestic consumption. 
This fact has the greater significance, as it exists without any appre- 
ciable foreign demand. The decline in value per acre in a compari- 
son of the period is 13.2 per cent, for oats, 14.9 per cent, for corn, 
and 22.6 per cent, for wheat, according to the following table: 


Years. 

Total produc- 
tion. 

Total area 
of crop. 

Total va’ue of 
crop. 

Average 
value per 
bushel. 

Average 
yield per 
acre. 

Average 
value per 
acre. 


Bushels. 

Acres. 


Cents. 

Bushels. 


1880 

417, 885, 380 

16, 187, 977 

1150, 243, 565 

, 36.0 

25.8 

S9.28 

1881 

416,481,000 

16,831,600 

193, 198, 970 

46.4 

24.7 

11.48 

1882 

488, 250, 610 

18, 494, 691 

182,978,022 

37.5 

26.4 

9.64 

1883 

.571,302,400 

20, 324, 962 

187,040,204 

33.0 

28.1 

9.27 

1884 

583, 628, 000 

21,300, 917 

161,528,470 

28.0 

27.4 

7.58 

m5 

629, 409, 000 

22, 783, 630 

179, 631, 860 

28.5 

27.6 

7.88 

1886 

624,134,000 

23, 658, 474 

186, 137, 930 

29.8 

26.4 

7.87 

1887 

659, 618, 000 

25, 920, 906 

200, 699,790 

30.4 

25.4 

7.74 

Total 

4, 390, 708, 390 

165, 503, 157 

1,441,458,871 









Annual average 

548, 838, 549 

20, 687, 895 

180, 182, 359 

32.8 

26.5 

8. 71 

Annual average 




1 



for preceding' ten 


1 





years 

314, 441, 178 

11,076,822 

111,075,223 

35.3 

28.4 

10.03 


For oats, as in the case of corn, the uses are so many and various, 
for man and beast, that its consumption is elastic, depending much 
on price, while the restriction of wheat to one use, as food for man, 
with a demand uniform and not to be extended, subjects that grain 
to the inevitable and severe operation of the law by which quantity 
controls price. The area, product, and value of oats, by States, fo!r 
1887, is as follows: 


States and Territories. 

Acres. 

Bushels. 

\ 

Value. 

Mafrift 

- 

93, 205 
33,749 

2, 684, 000 

$1,127,280 

New Hampshire 

' 965; 000 

^ ' 414 ; 950 
1,094,400 

Vermont 

107; 723 

2,736,000 

Massachusetts 

24, 752 
6,353 

' 703 ; 000 

302,290 

Rhode Island 

165, 000 

70;950 

Connecticut 

39 ; 417 
1,413,088 
138, 830 

1,088,000 

456, 960 

New Vorlr 

33 ; 208; 000 

12, 286, 960 

New Jersey 

3,221,000 

1 ; 159, .560 

Pennsylvania 

1 , 330 ; 234 

33, 921 , 000 

11,872, 3.50 

Delaware 

21 , 623 

' 458, 000 

1.51,140 

Maryland 

117,798 

2, 438; 000 

804, 540 

Virginia 

652, 665 

11 095,000 

3, 883,250 
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Diagram G. 


AREA AND PRODUCT OF OATS. 


2S70. 1871. 1872. 1873. 1874. 1875. 1876. 1877. 1878. 1879. 1880. 1831. 1882. 1883. 1884. 1885. 1886. 1887. 


650 

600 

S50 

500 

450 

400 

350 

300 

250 


\Uion 
Acres. 



650 


550 

500 

450 

400 

350 

300 

250 


URTtioit 

-Acres. 
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, , States and Territories, 

/ 

Acres. 

■ -1 

Bushels. 

Value. , 

North Carolina 

654, 116 
397, 198 
612,561 
52, 493 

8.504.000 

4.607.000 

7.044.000 
761; 000 

4. 643. 000 

4.430.000 
408, 000 

12,193,000 

4.710.000 
9' 225 OCO 

$3,741,760 
2, 718, 130 
4,085,520 
456,600 
2, 692, 940 
2, 513,700 
263, 940 
4,511,410 
1,884,000 
3, 505, 500 
885, a50 
3,007, 980 
9 631 560 

South Carolina 

Georgia 

FloriHa 

Alabama 

422; 101 
358, 551 
36, 861 
580, 614 
269 125 

Mississippi 

Louisiana 

Texas 

Arkansas 

Tennessee 

645, 086 
142 297 

West Virginia 

2.531.000 

8.847.000 
30,098,1300 
22, 644, 000 
27 9'4o 000 

Kentucky 

491 ' 496 

Ohio 

Loos^/s 
765, tHX) 

Michig an 

7, 246,080 
8,103,470 
29,393,820 
9,759,400 
I 10,565,360 
! 17.851,680 
10,346,180 
11,611,890 
5, 326, 650 
1,273,680 
2,218,800 
98. (X)0 

Indiana 

1 034 923 

Illinois 

3, GifO, 385 
1,440,290 
3,354 532 

108,866,000 

34.855.000 

40. 636. 000 
74, 382, (XX) 
39, 7'93, 000 
40,041,0C>0 

25. 365. 000 
2, 19G, 000 
5, 547, 000 

IvXi.OOO 

Wiscpnsjn 

Minnesota 

Iowa 

2, 438; 746 
1,358, 119 

Missouri 

'Kansas 

1,505,291 

Nebraska 

California 

922, 309 
81,955 

Oregon 

203, 183 

Nevada 

7,858 
50, 617 
1,186,800 
36, 509 

Colorado 

1,. 500, 000 
37, 266, 000 
1,095,000 

roo; 050 
9, 316, 500 

Dakota 

Idaho 

' 4^)2, 750 

Montana 

60; 180 

i; 806; 000 

362. 000 

786. 000 
' 3, 369, CtX) 

88,000 

a39 ; 700 

New Mexico 

15, 380 

166; 520 
337, 980 

Utah 

20, 658 
91,045 
2,921 

Washington i 

1,482, 300 
S9, 600 

Wyoming 


Total 

25, 920, 906 

659,618,000 

200, 699, 790 



An illustration of the rapid increase of area and enlargement of 
production is found in the accompanying Diagram C. 


COTTON, 

There has been steady progress in cotton-growing, interrupted only 
for four years, 1861 to 1865, starting anew with free labor in the 
latter year, and producing about half as much as in 1860. It was 
not until 1870 that the product obtained before the war was closely 
approximated, and not fully reached until 1875. In the past twelve 
years the increase has been more than 50 per cent. It is assumed 
by those best qualified to judge that the area of 1859 was about 
12,000,000 acres. The present acreage is believed to exceed 18,000,000 
acres. In 1879, by the census enumeration, it was nearly 14,500,000 
acres. According to estimates of this Department it is distributed 
as follows : 


States. 


1886. 


1887. 


Virginia 

I^orth Carolina 
South Carolina 

Georgia 

Florida 

Alabama 

Mississippi 

Louisiana 

Texas 

Ai’knnsas 

'I’ennessee 

Slissouri 

Total 


Acres. 

42 , 667 
l,071,a58 
1, 655, 291 
2, 956, 267 
270, 738 
2, 823, 718 
2, 548, 674 
1,035,781 
3,771,740 
1,;354,788 
m, 326 
75, 955 


18, 454, 603 


Acres. 

40,334 
1,066,301 
1,622, 185 
2,941,486 
262, 616 
2,809, 599 
2, 548, 674 
1,066,854 
3,960,327 
1,388,658 
855, 799 
78,234 


18, 641,067' 


V. 


AG 87 35 


646 


\ 


/ 
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The crop, of 1887 was planted earlier than any in recent years, had 
a good stand, and a vigorous early growth, and in July a higher 
condition Was reported than for ton years, averaging ;)7, giving prom- 
ise of nearly 8,000,000 bales. iJiiring July excessive rains on the 
Atlantic coast and drought in the Gulf States reduced this average 
to 93*3* This was only the beginning of the reduction, which was 
continued through August .and September to 82.8 and 76.5. The 
decline was alarming, and while it was real and very heavy, the 
general depression caused by it probably gave some slight bias to 
the judgment of the reporters, reducing the general average a point 
or two below its real effect. 

From October forward the meteorological conditions were remark- 
ably favorable, frost was delayed, the growing season lengthened, 
the weather for picking favorable, increasing the crop at least a third 
of a million bales beyond the reasonable expectation in October. 
The result is a crop only exceeded by that of 1882> when nearly 
1,000,000 bales were gathered. 

Diagram D presents an illustration of the progress of cotton grow- 
ing since 1841. The dark perpendicular bands in the diagram repre- 
sent the quantity exported, while the lighter extensions show the 
quantity used at home. 

The average annual production of twenty years before 1861 was 
therefore 1,335,000,000 pounds, and of the twenty -three years since 
1865 it was 2,207,000,000 pounds, an increase of 65.3 per cent. This is 
not an increase proportionate to our increase of population, because 
the consumption of cotton is not expected to enlarge with the num- 
bers of people in this country, but with the requirements of the world. 

The exportation of the mst period averages 929,000,000 pounds, 
and of the second 1,492,000,000 pounds, an increase of 60.6 per cent. 
The increase of home manufacture has therefore been proportionately 
greatertlianthatof production: 


Yeara. 


p ' •~Y‘ ' " " 

Production. Exports. 

f " ^ ^ ^ 


Years. 


. „ 

Production. 


Exports. 


I 


1841 

1842 

1843 

1844 

1845 

1846 

1847 

1848 

1849 

1850 

1851 
1862 

1853 

1854 

1855 

1856 

1857 

1858 

1859 

1860 


TotAj 


Pounds. 
759,903,750 
1,077,391,3.50 
948, 8G0, 550 
1,118,097,900 
976.741,650 
837, 215, 550 
1, 090, 850, 850 
1,263,868,200 
977, 267, 700 
1, 036, 805, 650 
1,421.413,340 
1,542,325,720 
1,396,112,420 
1, 363, 537, 635 
1, 658, 631, 97'5 
1,467,129,120 
1,554,701,760 
1,949,300,728 
2,274,372,309 
1,934,646,603 


4J6v 0995 lS9>t^^ 


Pounds. 

584,717,017 

792. 297.106 
663, 633, 455 
872, 906, 996 
547, 558, 0.55 
527, 219, 958 
814,274,431 

1,026,602,269 
635,381,604 
927, 237, 089 
1,093,,230;639 
1,111,570,370 

987.833. 106 
1,008,424,601 
1,351,431,701 
1,048,282,475 
1,118,624,012 
1,386,468,562 
1, 767, 686, 338 

307,516,099 


18,572,804^883 


I! 1865 , 
^ I860 , 
; 1867 . 
! 1868 , 
i 1869 , 

1870 . 

1871 , 

1872 , 

1873 . 

1874 . 

1875 . 

1876 , 
i 1877 . 

1878 . 

1879 . 

1880 . 

1881 . 

1882 . 

1883 . 

1884 . 

1885 . 

1 1886 . 
1887* 


Total 


Pounds. 
1,041,962, 263 
969, 175, 303 
1,173,431,114 
1,129,811,645 
1,451,401,357 
2,020,693,736 
1,384,084,494 
1,833, 188,931 
1, 940, 648, 352 
1,783,644,032 
2, 157, 958, 142 
2, 095,901,297 
2, 260, 2S5, 666 
2, 404, 410, 373 
2,771,797, 156 
3, 199, 822, 682 
2, 588, 236, 636 
3, 405, 070, 410 
2, 757, 544, 422 
2, 742, 966, 011 
3, 182, 350, .531 
3, 157, 378, 443 
3, 3(X). 000. fiOO 


50,751,762,9% i 


Pounds. 
650,572,829 
661,473,588 
784, 763, 633 
^644,327,921 
958, 558, 523 
1,462,928,024 
933,537,413 
1,200, 063,630 
1,358, 602,303 
1, 260, 418, 903 
1,491,405,334 
1,445,369, 130 
1,607,533,511 
1,628, 37-2, 833 
1,822, 061,114 
2,190,928,772 
1, 739, 975, 961 
2, 288,075,062 
1,862,572,530 
1,891, '659, 472 
2, 058,037, 444 
2,169,457,330 
2, 200, 000, 000 


34,310,695,160 


'\ 



* Approximate. 
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Diagram D. 


PRODUCT AND EXPORT OF COTTON. -1841 TO 1887. 









POTATOES. -EFFECT OF QUANTITY ON PRICES 
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' IRISH POTATOES. 

' I * 

■ I 

The crop of 1887 was unfortunate from the start. Disaster attended 
it 'during its season of growth. Ne w England alone gave promise of 
a fair crop early in the season, which was wsucceeded by uiiiavorable 
conditions and disappointment. 

In the States west of the Alleghany Mountains the crop year opened 
most unfavorably, drought prevailing over a large part of the area, 
interfering with germination and retarding growth. The drought 
continued generally unbroken until the season was too far advanced 
to make more than a fraction of a crop possible. In the Eastern and 
Middle States prospects were favorable for a good crop until August, 
when excessive moisture was followed by a tendency to rot, and con- 
dition steadily declined. 

The area of potatoes was enlarged, the preliminary estimate show- 
ing more than 2,300,000 acres. The increase was largest in .the more 
western States, though considerable in the older States, where the 
previous crop had proved more profitable than the cereals. The 
j^reliminary estimate was 134,000,000 bushels in round numbers, the 
figures being subject to slight modification in the final record by 
States. The record of eight years is : 



Year. 

i 

i Acres. 

Per acre. Product. 
■ 

1880 

1881 

1882 

1883 

/ 

! 

1,843,510 
...i 3,041,670 
3,171,6.% 
... 1 3, 2;’5 

Buahels. \ Bushels. 
91.0 i 167,659,570 
,53. 5 j 109,145,494 
78.7 i 170,972,508 
' 91.0 1 208,164,425 

1884 

1885 

1886 


. . . : 2. 33t.l, 080 

. . . ' 2, 365, 833 
... 3,387, 136 

... 1 =^-3. 300, 000 

85.8 : 190,642,000 
?7.2 ‘ 175,029,000 
73.5 i 168,051,000 
! 134,000,000 

. ; ' ' I 

' i 

* Approximate. 


The crop of 1879, according to the census of 1880, amounted to 
169,458,539 bushels, of which six States, New York, Pennsylvania, 
Ohio, Michigan, Indiana, and Illinois produced 56 per cent. The 
crop of these States was last year reduced nearly one-half. 

"Diagram E illustrates the progress of potato growing, showing the 
area by superficial measurement, and the effect of relative supply 
ujion market price by linear exhibits. 

« 

FLAX. 


Flax growing is one of the mi;ior agricultural industries, and while 
the production of seed, for which it is almost entirely grown, varies 
from year to year in different localities, the total product is but little 
changed. In order to determine approximately its present extent, 
and the areas where it is now grown, the Department has made a 
thorough investigation, and presents its results in connection with 
statements showing commercial distribution ano supply. 

It fs essentially a pioneer (U'op and has never [>eon long popular in 
any one locality. For new land, brought under the plow for the first 
time, it is almost unequaled as a crop for subduing the natural wild- 
ness of the land, and being, like wheat, a ready money crop, it is for 
a time in high favor with poineer settlers. The center of production 
follows westward the frontier line of farming lands, its cultivation 
in the older regions gradually giving way to other and more perma- 
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nently popular crops. In the older areas there is a decided prejudice 
toward it on accaunt of injury to fertility of the soil^ but new settlers 
in the West and Northwest, with their deep rich soils, can and do 
disregard this objection. 

It is undoubtedly true that flax does very rapidly withdraw certain 
constituent elements from the soil, the presence of which is necessary 
to its successful production, but the same may be said of other crops 
which are always in favor. Were it desired American farmers could 
easily devise means to renew the elements withdrawn, so. a further 
reason for its comparative abandonment in the older sections must 
be sought. Under present conditions it is not a paying crop, except 
on the fertile virgin soils of portions of the trans-Mississippi States. 
This is variously accounted for by correspondents, but the main 
cause is undoubtedly the fact that there is no general demand for 
anything except the seed, the straw and the flber going almost en- 
tirely to waste on account of lack of facilities for its utilization. In 
a few localities in the more eastern States the flber is used in rough 
bagging and rope making, and there are a few establishments where 
it is converted into tow for upholstering ; many correspondents 
in Minnesota, Iowa, and Kansas speak of the straw as being fed to 
cattle to a considerable extent as a substitute for straw and corn fod- 
der, and others of its use as a material for thatching houses and cat- 
tle shelters, but as a general rule the straw and fiber together are 
buriied or returned to the soil as a dressing. In primitive days, be- 
fore the development of our cotton and wool-manufacturing indus- 
tries and transportation facilities, the hackel and brake and the 
spinning-wheel and hand-loom were implements almost as necessary 
to the farmer as the plow and flail. 

The present investigation, relating mainly to seed, shows that the 
crpp of 1887, while considerably smaller than that of the previous 
year, is somewhat larger than that of 1879. Its production is con- 
fined to that great belt of States lying north of the thirty-seventh 
parallel and west of Ohio. The ten principal States of this region in 
1879 produced 97 x>er cent, of the total seed grown, and the propor- 
tion remains about the same, though the center of production has 
shifted to the extreme western limit of the belt. The f ollowing state- 
naent shows the production of seed in 1879, according to the returns 
of the Tenth Census, and in comparison the estimated production of 
1887, as ascertained by this investigation : 


States. 


Ohio 

Indiana . . . 
Illinois . . . 
Wiscoovsiu 
Minnesota 

/Iowa 

Missouri . . 


1879. 


Bicskels. 

rm,2i7 
1,419,172 
1,812,488 
547,101 
98, 689 
1,511,131 
379, 535 


1887. 

States. 

1879. 

Bushels. 
118,643 
113,534 
94, 2-47 
65, 652 
' 1,246,442 
1,868,914 
360, 558 

Kansas 

Bushels. 
513,616 
77,805 
26, 757 
191,487, 

Nebraska 

i Dakota 

i All other 

j 

Total 

7,170,951 

1 


1887. 

I ■■■ 


) 


Bushels. 

1,068, '321 
065, 2m 
3, 237, 597 ' 

142, 258 


9, 001,399 


The most remarkable feature of this table is the marked falling off 
of the crop of the more Eastern States and the still more extraordi- 
nary increase in the Western belt. In 1879 the four States east of 
the Mississippi River produced 63 per cent, of the total of the States 
named, while in the present year the same region grows but little 
more than 4 per cent, of the 'whole, the six trans-Mississippi States 




1 
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producing considerably more tnan nine-tenths of all. Even in this 
region the industry is now beginning to decline, and the causes given 
by correspondents are the same as have caused its virtual abandon- 
ment farther east. Many returns from Iowa ^nd Wisconsin agree 
that under existing conditions it is not a profitable crop, being very 
hard on any but fresh soil, and the seed alone not paying for its 
grov^th. 

In connection with the above estimate for 1887, a table has been 
compiled from returns of State boards of agriculture or assessors’ 
returns for the flax States, showing, in comparison with the census 
returns for 1879, the acreage and product of seed in 1885 and 1886 
and the estimated acreage of the present year. The Department does ' 
not hesitate to say that it believes these State returns generally too 
low — on the whole perhaps 10 per cent, below the truth— on account 
of the almost universal tendency of assessors to underrate both acre- 
age and product. 


States. 

Bushels 
of seed 
(census 
returns), 
1879. 

State returns. 

Acres, 1885 

Bushels of 
seed, 1883. 

Acres, 1386. 

Bushels of 
seed, 1880 

Acres, 1C87. 

Ohio - 

593, 217 
1,419,172 
1,812,4:18 
547,104 
98. 689 
1.511,131 
513. 616 
77, 805 
26,757 

16,680 

21,977 

21,744 

143, 781 
161,681 
198, 823 
88,219 
2,246,077 
2, 663, 073 
819,9^9 
627,254 
2, 910,983 


j 


Indiana 

18. 268 
13,231 
9, 7'07 
204, 147 
291,. 560 
67, 904 

153.128 

117,593 

14,000 
10, 184 

Illinois 

Wisconsin 

Minnesota 

303, 708 
122, 199 
65, 728 
364,823 

1,508,771 
2,?;i2.480 
879, 040 

17(3,225 
271,161 
132, .580 

Iowa 

Kansas 

Nebraska 

Dakota 

549,189 

3,844,323 

366, 126 



Chicago, S^int Louis, and Milwaukee are the great flaxseed markets 
and our correspondents generally speak of their products as going di- 
rectly or indirectly to these great marts. There are scattered through 
the producing region numbers of local oil-mills, v/hich take a: por- 
tion of the crop without the expense of long shipments, but the bulk 
of the crop finally reaches some of the great central markets. In 
Ohio, Indiana, and Illinois mills which formerly consumed a consid- 
erable portion of the local grown seed have been compelled to go out 
of the business on account of the refusal of farmers to grow it for 
' them, and for others yet running it is only grown by cultivators to 
whom the mill-men lend the seed for sowing, the planters taking too 
little interest to preserve their own seed. 

The receipts and shipments of seed in the three principal Western 
markets for a series of years is thus shown: 


Year. 

Chicago. 

Milwaukee. 

Saint Louis. 

Receipts. 

Shipments. 

Receipts. 

Shipments. 

Receipts. 

Shipments. 

1882 

Bushels. 
4, 92:3,091 
3, 079, 285 
3, 679, 530 
6, 770, 657 
7,092,573 

Bushels. 
4, 332 , 047 
3, 003, 591 
3, 033, 812 
5, 567, 526 
6,692,590 

Bushels. 
1,104,663 
911,816 
1,207,499 
2, 280, 8.55 
2,298,952 

Bushels. 
944, 6.37 
800, 218 
1,044,159 
2, 183, 750 
2,217,429 

Bushels. 
1,260,727 
884,434 
.5.36, 009 
436, 105 
366,202 

Bushels. 
656, 952 
342, 672 
141,377 
102,775 
67,284 

1883 

1884 

1885 

1886 



\ 


I 
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The home product of flaxseed never equal to the home consump- 
tion, large quantities being annually imported. The principal source ^ ' 
of supply is the British East Indies, from whence we receive more 
than 90 per cent, of our foreign supply. The importations of seed - 
since 1878 have been as follows : 


Year. 

Quantity. 

Value. 

Year. 

Quantity. 

! 

I Value. 

1878 

Bushels. 
1,290,615 
1,009,261 
1, 464, 195 
1)08,191 
635, 079 1 

$1,883,333 
1,613,001 
2, 261,049 
1,250, 580 
773, 044 

1883 

Bushels. 

637,729 
2,849,226 
2, 548, 864 
1, 034, 576 
415, 179 

$677,040 
3,079,848 
1 2, 817, 715 

1,099,477 
418, 202 

1879 

1884 .. 

1880 

1881 

1882 

1885.. . 

1886.. . 
1887... 

! 

( 


This, however, is but a small portion of what We annually send 
abroad for the products of flax and other similar fiber plants, the 
larger proportion of wliicli it seems might properly be produced at 
homo. The imports of flax, hemp, jute, and other similar substances, 
and their inanufactured’ products during the past two years, were 
as follows: 


.\rticles. 


Unmanufactured ; 

Flax 

Hemp and substitutes 

Jute 

Sisai grass, etc 

Total ... 

Manufactures of flax, hemp, or jute, etc 


1886. 


1887. 


1. . 

Quantity. 

Value. 1 Quantity. 

1 

Value. 

Tons. 

5, 557 
28, 655 
83, 054 
35, 300 

Tons. 

$1,576,518 ! 7,140 

3,817,376 ! 32,739 

2, 267, 023 : 88, 514 

2,299,4.50 ; 36,355 

$1,922, 182 
4, 041,522 
2, 616, 128 
3,733,001 

152, 566 

9,960,367 i 164,748 

20, 963, 135 . 

12, 312, 833 
21,930,592 


j 


It would seem that there is a large field open to the enterprising 
American farmer and the skillful mechanic in devising means by 
which the large portion of this crop, which now goes to waste, shall 
be successfully utilized. 


CROP ESTIMATES FOR 1886. 


Table sJunving the product of the cereals, potatoes, tobacco, hay, and cotton of the ' ' 
several States named, the yield per acre, the total acreage, the average price in 
each State, and the value of each crop for 1886. 


States. 

Products. 

Quantity 
produced in 
1866. 

Average 
yield 
per acre. 

Number of 
acres in 
each crop. 

Value per 
unit of 
quantity. 

Total 

valuation. 

Maine 

- 

Indian corn. . . .bushels. . 

5Vhea'o do — 

do.... 

OSO.OiXi 
60U, 000 
29, 000 

2.701.000 

252. 000 

362. 000 

6.514.000 
1,103,610 

31.4 

14.4 
12. 2 
29.8 

22.5 
18.0 

105 

.86 

31.534 
, 4i;.537 
2, ■385 
90, 490 
11,206 
20, 126 
62, 035- 
1,286,874 

$0. 67 
1.20 
.88 
.40 
. 65 
.55 
.55 
11.60 

$662,630 
720,000 
25,520 
1,080,400 
163,800 
199, 100 
3, 582, 700 
12.801,876 

Oats do. . . . 

Barley do — 

BuckAvheat do ... . 

Potatoes do 

Hay tons . . 

Total 



1,546, 187 


19,236,026 

r 


.... 

i 

1 


I 


/ 
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Table showing the product of the cereals, potatoes, tobacco, ha% etc. — ^Continued. 


— I 

J 

i 


Quantity 

Averat^e 

Number of 

Value Jxu- 

''Pot All 

tales. 

ik’oducts. 

produced In 

ylelif 

acret5 In 

inut of 


( 



1886. 

per acre. 

each crop. 

quantity. 


New Hampshire. . . 

Indian corn . . . 

. bushels . . 

1,364,000 

85.4 

38, 578 

$0. 68 

1 $5927,520 


Wheat 

— do 

169, 000 

15.2 

11, 154 

1. lb 

199,420 


Rye 

do . . . 

88,000 

11.4 

3,346 

.87 

33, 060 


Oats 

do 

1,081,000 

33.0 

32,766 

.41 

443,210 


Barley 

.... do 

89,000 

23.1 

3,857 

.68 

60, 520 


Buckwheat . . . 

.... do 

9^, 000 

19.2 

4,784 

.57 

52,440 


Potatoes 

. . .do 

2,818,000 

102 

27, 577 

.47 

1,322,110 


Hay . . . ; 

tons . . 

54'8, 256 

.81 

678,730 

12.00 

0,579,072 


Total 




800,792 


9, 617,352 








Vermont 

Indian corn . . . 

. bushels . . 

2, 058, 000 

82.8 

62,718 

.66 

1,358,280 

f 

Wheat 

do 

410, 000 ■ 

19.0 

21,567 

1.10 

451,000 


Rye. 

.... do 

82,000 

53.0 

6,290 

.73 

59,860 


Oats 

do 

3, 844, 000 

1 86.0 

106, 656 

.37 

1,422, 280 

\ Barley 

.... do .... 

Ow f . ■' ' 

i 2(5. 0 

11,711 

.63 

191,520 

! Buckwheat . . . 

.... do 

859, 000 

! 20. 1 

17, 862 

.53 

190,270 

! Potatoes 

do 

3, 703, 000 

104 

36, 185 

.38 

1,429,940 


Hay 

— tons. . 

965, 889 

.94 

1,023, 060 

10. 40 

10,045,246 


Total . . . 




1,286,049 


15, 148,396 







Massachusetts 

Indian oorn . . . 

. bushels . . 

1,922,000 

32.7 

58,821 

.66 

1,268,520 


Wheat 

— do 

17,000 

15.7 

1,080 

1.00 

17,000 


Rye 

do 

326,000 

13. 0 

25,053 

.70 

228,200 


Oats 

— do — 

738,000 

30.4 

24, 267 

.44 

324,720 


Barley 

.... do 

75, 000 

23.1 

3,248 

.70 

52,500 


Buckwheat . . . 

— do — 

92,000 

17.4 

5, 281 

.62 

57,040 


Potatoes 

... do 

3, 425, 000 

101 

• 33,912 

.62' 

2,123,500 


Tobacco 

. pounds . . 

4, 231,000 

1,631 

2,594 

.14 

592,340 


Hay 

tons . . 

661,077 

1.04 

£35,893 

17.00 

11,238,309 


Total 




790, 149 


15,902,129 







Rhode Island 

Indian corn . . . 

. bushels . . 

408,000 

31.5 

12,946 

.67 

273,360 


Rye 

do 

19,000 

13.8 

1,372 

.72 

13,680 


Oaks 

do 

184,000 

29.0 

6,353 

.44 

80,960 


Barley 

— do — 

21,000 

25. 5 

824 

.71 

14,9iq 

j Buckwheat . . . 

do — 

2,000 

15.7 

127 

.65 

1,300 

i Potatoes 

do — 

649, 000 

100 

6,493 

.63 

408,870 


Hay 

tons. . 

78, 016 

.81 

95,778 

16.80 

1,310,669 


Total 




123, 893 


2,103,749 







Honneeticut 

Indian com . . . 

. bushels . . 

1,902,000 

34.3 

58, 140 

.63 

1,254,960 

' Wheat 

do 

8,0,000 

16.4 

2, 193 

, 98 

35,280 

i iiye . , 

. , . .do 

39. ;, 000 

13.0 

29, 981 

.67 

261,800 

1 Oats 

do 

1,128,000 

28.8 

39, 

.42 

471,660 


Barley 

.... do ... . 

14,000 

22.2 

632 

.62 

6,680 


Buckwheat . . . 

do — 

147,000 

13.5 

10,865 

.56 

82,330 


Potatoes 

do — 

2, 208, 000 

70 

31, Ml 

.60 

1,324,800 


Tobacco 

. pounds . . 

11,667,000 

1,600 

7,292 

.14 

1,633,380 


Hay 

.... tons . . 

540,402 

.94 

574,649 

15.10 

8,160,070 

' 

Total 




754,320 


13,232,450 







New Vork 

Indian corn . . . 

. bushels . . 

22,426,000 

31.3 

716, 572 

.56 

12,558,560 

1 Wheat 

... do 

11,093,000 

16.3 

680,493 

,84 

9,318, 120 

/ 

Rve 

do 

2, 890, 000 

12.2 

236, 875 

. 59 

1,705., 100 

' i Oats 

do 

40, 223, 000 

28.7 

1,399,097 

.85 

14,078,050 

Barley 

do 

7,712,000 

22. 0 

350,544 

.61 

4,704, 320 

Buckwheat . . . 

do 

4,543,000 

14.3 

317, 663 

.62 

2,362,360 

' Potatoes 

do 

27, 995, 000 

80 

349,934 

.41 

11,477,950 

1 Tobacco 

.pounds. . 

7,583,000 

1,300 

5,833 

.115 

872,045 

j Hay 

.... tons . . 

5, 418, 677 

1.06 

5,111,023 

10. 75 

58,250,778 

1 Total 




9,168,034 


115,327,283 







New Jersey 

Indian corn . . . 

. bushels . . 

9,418,000 

27.1 

346,866 

. 60 

4,709,000 


Wheat 

do 

2,260,000 

15.6 

144, 528 

.86 

1,943,600 


Ryo 

do 

1,232,000 

11.9 

103, 518 

.57 

702,240 


Oats 

— do — 

3, 734, 000 

27.2 , 

, 137,455 

.86 

1,344,2^ 


Buckwheat . . . 

do — 

453, 000 

12, 

- 85,376 

.59 

267,270 


Potatoes 

do 

3, 208, 000 

80 ■ 

40, 098 

,54 

1,732,320 


Hay 

tons . . 

517, 943 

1.03 

503,664 

18.00 

6,733,259 






1,311,505 


17,431,929' 


ll- 
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Table showing the product of the cereals, potatoes, tobacco, hay, etc, — Continued. 


States. 

Products. 

Quantity 
produced in 
1886. 

Average 
yield 
per acre. 

Number of 
acres in 
each crop. 

Value per 
unit of 
quantity. 

Total 

valuation. 

V 

v^aiiia 

Indian corn .... bushels . . 

Wheat do — 

Rye .do 

' jats do ... . 

Ba rley do ... . 

Buckwheat do. . . . 

Potatoes do — 

Tobacco pounds.. 

Hay tons . . 

Tntfl.l 

40. 545. 000 

18. 255. 000 

4. 545. 000 
37, 7r/J, 000 

505,000 

3.513.000 

14.606.000 

34.951.000 
3, 067, 201 

28.2 

12.7 
11.3 

28.7 
18.0 

12.8 
76 

1,218 

1.13 

1,438,2&5 
1,435,506 
402, 179 
1,317,063 
28, 065 
27'4,'4t5 
192, 183 
28, 695 
2,711,186 

$0.47 
.83 
.58 
.34 
. 60 
. 54 
.46 
. H8 
11.50 

$19,056,150 
15, 151, 650 
2, 636, 100 
12, a38, OGO 
303,000 
1,897,020 
6,718,760 
4,124, 218 
35,272,812' 

t 

Delaware 



7, 827, 00 r 


97,997,770 

Indian corn. . . .bushels. . 




3. 590. 000 

1. 177. 000 
6,000 

492,000 
6, 000 
272,000 
50, 025 

16.0 

12.4 

7.0 

2:3.0 

13.7 

65 

.99 

21(5, 595 
94, 7W 
857 
21,409 
437 
4, 182 
50,621 

.42 

.84 

.60 

.35 

.57 

.50 

12.25 

1,507,800 

988,680 

3,600 

172,200 

3,420 

136,000 

612,806 

Maryland 

Wheat do 

Kyo do — 

Oats do — 

Buckwheat do. . . . 

Potatoes do — 

Hay tons — 

Total 



388, 891 


3,424,506 

Indian corn bushels. . 

Wheat do 

Rye do — 

Oats do 

Buckwheat do 

Potatoes do ... . 

Tobacco IJt>unds . . 

Hay tons. . 

Total 




15. 039. 000 

7. 194. 000 

258.000 
2, 470, (XX) 

131.000 

1.393.000 

25. 238. 000 
312, 843 

20.9 

12.3 

8.4 

21.8 

12.0 

67 

575 

1.08 

719,073 
586,287 
30, 750 
113,322 
10, 894 
20,786 
43, 892 
289,219 

.43 
.82 
.60 
.33 
.62 
.46 
. 065 
11. 50 

6, 466, 770 
5, 899, 080 
154,800 
815, 100 
'81,220 
640,780 
1,640,470 
3, 597, 695 

Virginia 

North Carolina 



1,814,223 


19,295,915 

Indian corn . . . bushels . . 

Wheat do 

Rye do 

Oats do 

Barley do 

Buckwheat do 

Potatoes do 

Tobacco pound.s.. 

Hav tons. . 

Cotton .bales. . 

Total . 




32,793,000 

5. 581.000 

385.000 

8. 577. 000 
21,000 

178.000 

2. 300.000 
91,189,OK) 

296,818 

13,913 

15.5 
8.2 

7.5 

13.5 
18.2 

8.5 
65 

565 

.98- 

.326 

2, 110, 908 
683, 697 
.51,327 
633, 655 
1, 151 
20, 941 
35,387 
161,397 
301,849 
42,667 

.45 

.81 

.62 

.34 

.63 

.60 

.47 

.07 

10.50 

*.084 

14,756,850 
4,520,610 
238,700 
2,916, 180 
13,23a 
106,800 
1,081,000 
6,383,230 
3, 116, 589 
537, 604 



4, 042, 97'9 


33,670,793 

Indian corn — bushels. . 

Wheat do 

Rye do 

Otits do ■ . « . 

Barley do 

Buckwheat do 

Potatoes do . . . 

Tobacco pounds . . 

Hay tons . . 

Cotton bales . . 




27,215,000 

3. 209. 000 
315,000 

6. 276. 000 
4,000 

57, o:)0 

1.273.000 
31, 559, (XX) 

111,182 

365,762 

10.5 

4.6 

4.8 

9.9 
14.1 

8.4 
60 

420 

1.04 
.341 

2, 596,029 
696, 546 
65, 551 
635, 064 
284 
6,750 
21,215 
75, 141 
106, 856 
1,071,658 

.57 
1.00 
.86 
.45 
.67 
.60 
. 56 
.095 
11.00 
*084 

15, 512, 550 
3,209,000 
270, m 
2, 824, 200' 
2,680 
34,200 
712,880 
2, 998,105 
1,223,002 
14, 133, 026 



5,275,094 


40, 920, 54S 

1 





1 

South Carolina ^ 

1 

1 

Georgia 

Indian corn bushels . . 

Wheat do 

Rye do — 

Oats do 

Potatoes do ... . 

Hay tons. . 

Cotton bales . . 

Total 

13,318,000 
936, 000 
41,000 
3,440,000 
259, oao 
25 , 200 
498, 367 

9.1 
5). 0 
4.9 
8.7 
63 
1.05 
.301 

1,457,594 
187, 026 
8, 285 
393, 265 
4,107 
24,000 
1,655,291 

.60 
1.08 
1.05 
.62 
.82 
12, 82 
*083 

7.990.800 
1, 010, 880 

43, 050 

2.132.800 
212,380 
323,064 

19,234,481 



3,729,568 


30,947,455 

Indian corn. . . .bushels. . 

Wheat do — 

Rye do — 

Oats do 

Potatoes . BV. . . do — 

Ha}'^ . . . tons . . 

Cotton bales. . 

Total 




31.197,000 

1.690.000 

146. 000 

5. 301.000 
20, 000 

500. 000 
34, 080 

861,720 

10.8 

4.4 

5.4 
9.0 

13.2 

65 

1.06 

.291 

2, 886, 277 
385,954 
27, 085 
589, 001 
1, 516 
9,08:1 
3:1,030 
2,956,267 

.60 
1.05 
1.32 
. W 
• .95 
. 05 
13. 00 
*.082 

18,718,200 
1,774, 500 
163, 520 
3, 180, 600 
19,000 
560, 500 
454,740 
as, 210, 703 

« 



G, 888, 183 


58, 081, 763 





- — — . 1- 



Per pound. 


k 
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Table showing ihe product of the cereals, potatoes, tobacco, hay, etc. — Continued. 


States. 


Florida 


Alabama 


liiississippi 


Louisiana 


Tes:£ 


Arkansas 


Tennessee 


' 


Quantity 

' Average 

Number of 

Value pel 

( 

Products. 

produced m 

yield 

acres in 

unit of 

lOtal 



1886. 

per acre. 

each crop. 

quantity 

V ctilXctl/lUIl. 

/ 

. Indian corn . 

. . .bushels.. 

4,597,000 

10.4 

441,074 

$0.71 

$3, 263, 870 

Oats 

do . . . 

489,000 

9.5 

51,467 

.63 

308,070 

Potatoes 

do.... 

184,000 

' 67 

1,996 

1.00 

134,000 

Cotton 

bales . . 

59, 333 

.219 

270,738 

*.08S 

2, 286, 653 

Total . . 




765,275 


5, 992, 593 






. Indian corn . 

. . .bushels. . 

28 893,000 

12.1 

2, 393, 036 

.60 

17, 335, 800 

Wheat 

do 

1,539,000 

6.9 

323; 704 

1.07 

i; 636; 030 

Bye 

... .do 

44,000 

7.3 

6, 059 

1.20 

52,800 

Oats 

do — 

4,718,000 

11.5 

409,807 

.62 

2, 925, 160 

Barley 

do 

7,000 

11.0 

G3S 

.93 

6; 510 

Potatoes .... 

do 

614,000 

65 

9,447 

.95 

583,300 

Hay 

tons . . 

31,000 

1 

31,000 

13. 50 

418, 500 

Colton 

bales . . 

753, 330 

.266 

2, 823, 718 

*.083 

30,467,917 

Total. . . 




5, 896, 407 


53, 426, 017 






. Indian corn . 

. . bushels . . 

35,507,000 

13.1 

1,946,666 

.59 

15, 049, 130 

Wheat 

do 

173, 000 

4.0 

43, 063 

1.10 

190, 300 

Bye 

do 

10,000 

9.9 

1,008 

1.25 

12,500 

Oats 

do 

3,308,000 

9.5 

355,001 

.63 

2,321,840 

Potatoes .... 

do 

573,000 

67 

8, 556 

.87 

498; 510 

Hay 

tons. . 

38,350 

1.05 

27,000 

12.40 

351,540 

Cotton 

bales. . 

935, 390 

.367 

2,548,674 

*.083 

37, 654, 110 

Total... 




4, 939,967 


55,877,930 






Indian corn . 

. . bushels . . 

14, 640, 000 

15.6 

935,725 

.55 

8, 052, 000 

Rye 

do 

10,000 

7.8 

1,285 

.95 

9,500 

Oats 

do 

301,000 

10.0 

36, 138 

.52 

187, 720 

Potatoes 

do 

471,000 

70 

6, 728 

.92 

433,320 

Hay 


42,883 

1.05 

40,933 

11.50 

493, 143 

Cotton 

bales . . 

471,974 

.456 

1,035,781 

*.083 

18, 999,331 

Total . . . 




2,056,590 


28, 175, 014 






Indian corn . . 

. . bushels . . 

69,213,000 

15.7 

4, 417,678 

.56 

38, 759, 280 

Wheat 

do 

5,383,000 

10.3 

529, 104 

.90 

4, 844, 700 

Bye 

do — 

42,000 

7.6 

5,544 

.93 

38, 640 

Oats 

do 

11, 3' 9, 000 

20.6 

552,966 

.50 

5, 684, 500 

Barley 

do 

108,000 

13.5 

7, 993 

.90 

97,200 

Potatoes 

do — 

569, 009 

oo 

10, 345 

.90 

512, 100 

Hay 

tons. . 

. 92, 289 

.91 

101,563 

9.50 

. 676, 746 

Cotton 

bales . . 

1,499,698 

.398 

3,771,740 

*.081 

61,102,188 

Total . . . 




9, 396, 932 


111,915,354 






Indian com. . 

. .bufhels. . 

43,140,000 

20.4 

2,069,176 

.49 

20, 648, 600 

Wheat 

do 

1,815,000 

7.8 

231,357 

.85 

1,542,750 

Rye 

do 

34,000 

7.9 

4,382 

.80 

27,200 

Oats 

do 

4,749,000 

18.0 

263,848 

.42 

1,994,560 

Potatoes 

... . . .do 

8 8,000 

67 

12,513 

.63 

527,940 

Tobacco 

. . nounds . . 

2, 108,000 

875 

2,409 

.075 

158, 100 

Hay 

tons. . 

a5,047 

1.07 

32, 671 

10.80 

378,608 

Cotton 

bales . . 

660,872 

.488 

1,354,788 

*.082 

26,662,228 

Total... 




3,971,044 


51,939,906 






Indian com. . 

. .bushels. . 

73,314,000 

30.7 

3, 533, 894 

.40 

29, 325, 600 

Wheat 

do 

8,034,(00 

6.7 

1,199,400 

.78 

6, 258, 720 

Bye 

do 

253,000 

7.0 

36, 137 

.70 

177, 100 

Oats 

do 

7,920,000 

12.4 

638,699 

.33 

2, 534,400 

Barley 

do 

37,000 

11.8 

3, 14;^ 

. 65 

24,050 

Buckwheat . . 

do 

40,000 

7.3 

5,515 

.60 

24,000* 

Potatoes 

do 

2, 531,000 

65 

38, 937 

.42 

1,063,020 

Tobacco 

. .pounds. . 

31,763,000 

640 

49, 62<) 

.06 

1,905,780 

Hay 

tons. . 

279,487 

1.27 

220,758 

11.25 

3,144,229 

Cotton 

— bales . . 

298, 133 

.352 

847, 326 

*.082 

13,881,205 

Total 





6,573,438 


, 56, 338, 104 

!: 

1 , 




♦ Per pound, 
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Table showing the product of the cereals, potatoes, tobacco, hay, etc. Continued. 


States. 


lTodu.< 


;ts. 


West Virginia 


Kentucky 


Ohio. 


Michigan 


Indiana . 


Illinois . 


Wisconsin. 


h' an corn bushels. 

\ r .icat do . . 

Rye do.. 

Oats do.. 

Barjey do . . 

Buckwheat do . . 

Potatoes do . . 

Tobacco pounds 

Hay tons 


: '.^aantity 
! produced in 


15,194,000 

3.001.000 

172 . 000 

2 . 803. 000 

,000 

350. 000 

1.952.000 

2 . 749. 000 
286, 943 


Average | Number of j Value per| 
yield ■ dcresin ' imii: of ' 
ucr acre. | eacii crop. | quantity. 


Total . 


Indian corn. . . .bushels 

Wheat do . . 

Rye do. . 

Oats do. . 

Barley do . . 

Buckwheat do. . 

Potatoes do. . 

Tobac.-co pounds 

Hay tons 


Total. 


Indian (iorn . . . .bushels 

Wheat do . . 

Rye do . . 

Oats do . . 

Barley do . . 

Buckwheat do. . 

Potatoe do . . 

Tobacco pounds 

Hay ; tons 


Total . 


Indian corn .... bushels 

Wheat do . 

Rye do . 

Oats do . 

Barley do . 

Buckwhea t do . 

Potatoes do . 

Hay tons 


Total . 


Indian corn. . , .bushels 

Wheat do . . 

Rye do . . 

Oats do . . 

Barley do . . 

Buckwheat do . . 

Potatoes do . . 

Tobacco pounds 

Hay tons 


'i’otnl , 


Indian eoi’u .... bushels 

Wheat do . . 

Rye do.. 

Oats do . . 

Barley do . . 

Buckwheat do . . 

Potatoes do . . 

Tobacco pounds. 

Hay tons. 


Total 


Indian corn. . . .bushel 

Wheat do . 

Rye do . 

Oats do . 

Barley do . 

Buckwheat do. 

Potatoes do . 

Tobacco pounds 

Hay tons 

Total 


88. 758. 000 

12. 405. 000 
933, 000 

10, 219. 000 
464', 000 
13,000 
3, 455, 000 
193, 915, 000 
313, 200 


96. 204. 000 

40. 362. 000 

716.000 

31. 850. 000 
950, (XIO 

146. 000 

11.656.000 

35. 333. 000 
3, 106, 257 


27, 635, 
26, 572 
300, 
18,521, 
1,133, 
430, 
11,725, 
1,642, 


000 

000 

000 

000 

000 

000 

000 

883 


T 


118,795,000 

40. 255. 000 
44 ! , (X;0 

31.798.000 
435, 000 

92, 000 

6.779.000 

14.880.000 

3. 100.000 


209. 818, 000 
27, 562, 000 

2. 527. 000 
103, 649, 009 

OoO, 000 
172, 000 

9. 241.000 

6. 158. 000 
4, 513,031 


22.8 
10. 6 
9. 5 
20.1 
12.2 
8.8 
70 
625 

.76 


25.2 

11.2 
10.0 
21.0 
25.0 

9.0 

67 


770 


.97 


32.2 

15.0 
13.5 

32. 4 

27.0 

11.5 
78 

960 

1.21 


29.1 

16.0 

12.8 

29.5 

22.5 
13 
80 

1.16 


31.9 

14.8 

12.0 

30.7 

21.0 

10.5 

72 

660 

1.25 


24.5 

13.7 

14.0 
'31.8 

23.0 
11.3 
67 

575 

1.34 


28.493.000 

14. 725. 000 
1,986,0(30 

39. 6.56. 000 

6.991.000 
261,000 1 

6.974.000 I 

23.744.000 i 
1,924.2.37 i 


25.7 

11.5 

11.5 

28.4 

22.0 

8.2 

64 

980 

1.11 


665, 409 
287, 788 
18, 06 
139, 419 
573 
39, 724 
27, 885 
4,398 
378,206 


1,561,510 


3,5 6, 150 
1,111,728 
93, 347 
486, 630 
18, 564 
1,4.50 
51,567 
251,838 
322, 596 


5, 853, 870 


2, 987, 289 
2, 6.'8, 468 
53, 000 
983, 606 
35,418 
12, 735 
149, 432 
36, 805 
2, 673, 970 


9,520, 723 


948,069 
1,662,721 
23,463 
628, 116 
50, 348 
33, 065 
146, 568 
1,419, 311 


4,911,661 


3,720, 681 
2, 721 , .526 
36, ;'50 
1, 034, 923 
20,735 
8,749 
94, 151 
22, 545 
2,480,000 


10, 140,060 


8, 559, 036 
2,015,400 
180, 500 
3, 2.57, 180 
42, 61.5 
15, 181 
137,932 
10, 710 
3,372,375 


17, 590, 929 


1,109,779 
1,281,018 
172, 674 
1,398,349 
317, 756 
31,852 
108, 974 
24, 229 
1,732,486 

6, 177, 117 


50.42 

.80 

.63 

.30 

..59 

.42 

,07 

9.33 


.34 

.72 
.56 
.32 
.52 
.65 
. o7 
.06 
9.80 


.35 
.74 
.56 
.28 
. ,56 
.60 
.40 
.07 
9.00 


.38 
. 73 
. .56 
. 31 
.58 
.55 
.■39 
9.50 


.32 
.70 
.52 
.W 
. 57 
.58 
.38 
.06 
G.50 


.31 
.69 
.47 
. 20 
..52 
.,58 
.43 
.06 
6.40 


.37 

.68 
.48 
.28 
.48 
.56 
.42 
. 10 
8.60 


vaiaaLiOii. 


56,381,480 
2, 448,800 
08, 360 
840,900 
3,500 
06,500 
8 9,840 
192, 430 
2, 677, 178 


13, 678, 988 


30, 1 77, 720 
8 931,600 
522,480 
3, 270,080 
241,280 
8,450 
1,278,350 
11,634,900 
3, 069, 360 


59, 134,220 


33,671,400 
29, 867, 880 
400, 960 
8,918,000 
535, 360 
87,600 
4, 662, 400 
2,473,310 
27,956,313 


108,573,223 


10, 501, 300 
19, 397, 560 
168,000 
6, 297, 140 
657, 140 
236,500 
4, 572,750 
15, 607, 389 


57,437,779 


38,014,400 
28, 178, 500 
229, 320 
8, 585, 460 
247, 950 
53,360 
2, 576, 020 
892, 800 
20, 150,000 


98, 927, 810 


65,043,580 
19,017,780 
1,187,690 
26,948,740 
509, 600 
9(J, 760 
S, 973, 630 
369,480 
28, 883, 398 


146,033,658 


10, 542, 410 
10, 013,000 
953, 280 
11,103,680 
3, 355, 680 
146,160 
2,929,080 
2, 374. 400 
16, .548, 438 

57, 9G6, 128 


I 
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Table showing the product of the cereals, potatoes, tobacco, hay, etc, — Continued, 


> States. 

Products. 

1 

! Quantity 
ipr< »(}ac'*d ij 1 
JbS./. 

' 

Average 
yield 
per acre. 

Number of 
acres in 
each ci'v ; i. 

Value per 
unit of 
.piantity. 

Total 

valuation. 

Minnesota 

Indian corn . . 

. bushels . . 

T9,905,(X)0 

29.8 

t 

668,880 

$0.34 

$6,767, 700 


Wheat 

do. . . . 

43, 856, 000 

14.0 

3, 067, 851 

.61 

26, 142, 160 


Rye 

do — 

463, 000 

14.0 

33, 031 

.44 

203, 280 


Oats 

do 

40, 735, (X):) 

34.4 

1,184,032 

.25 

10, 183, 750 

! Barley 

do 

8, 455, 000 

23.0 

367, 601 

.42 

3,551,100 

j Butikwheat . . 

do 

73. m 

11.4 

6,343 

.00 

43,200 

, Potatoes 

do 

5, 306, 000 

84 

63, 161 

.37 

1,963,220 


Hay 

tons . 

600,000 

1.25 

480,000 

4. 70 

2, 820,000 


Total 




5, 870, 399 


51,674,410 







Iowa 

Indian corn . . 

. bushefe . . 

198,847,000 

25.1 

7, 927, 019 

.30 

59, 654, 100 


Wheat 

.... do ... . 

32,455,000 

12.2 

i 2,057,105 

.60 

19,473,000 


Rye 

... do 

1,700,000 

13.6 

1 l.iM,984 

.42 

714,000 


Oats 

.... do ... . 

78,454,000 

34.1 

! 2,«298, 752 

.23 

18,044,420 

i Barley 

.... do 

5,045,000 

22.5 

224, 219 

. 45 

2; 270, 250 

1 Biickwheat . . 

.... do 

234,000 

9.5 

24,608 

.62 

145, 080 


Potatoes 

.... do .... 

7, 577, 000 

54 

140,314 

.47 

3, 561,190 


Hay 

. . tons 

4, 137, 844 

1.13 

3, 673, 875 

5.00 

20, 689, 220 


Total .... 




17,070,876 


124,551,260 







Missouri 

Indian corn . . 

. bushels . . 

143, 709, 000 

22.2 

0,484,600 

.31 

44, 549, 790 


Wheat 

do ... . 

21,986,000 

13.2 

1,662,721 

.63 

13,851,180 


Rye 

... do 

571 . 000 

12.0 

47,551 

..50 

285, 500 


Oats 

. . . . do . . . . 

30. 577, 000 

23.4 

1,305,884 

.25 

7. 644, 250 


Barley 

. . . . do . . . 

180, 000 

22. 5 

7,995 

.48 

86,400 

\ 

Buckwheat . . . 

.... do 

r.6-,(X)0 

9.3 

7,073 

.60 

39,600 


Potatoes 

— do 

4, 109, fX)0 

50 

82, 189 

.42 

1,725,780 


Tobacco 

. pounds . . 

11,959,000 

745 

16,053 

.07 

837, 130 


Hay 

.... tons . . 

1,4(54,750 

1.09 

1,338,750 

7.00 

10, 253, 250 


Total .... 




10, 952, 816 


79, 272, 88() 








Kansas 

Indian corn . . . 

. bushels . . 

126,712,000 

21,8 

5,812,615 

.27 

34, 212, 240 


Wheat 

.... do ... . 

14,556,000 

11.4 

1,272,300 

.58 

8 442, 480 


Rye 

.... do ... . 

2,128,000 

11.5 

185,000 

.41 

872,480 


Oats 

do 

25,516,000 

26.4 

964, 930 

.25 

6,379,000 


Barley 

.... do ... . 

734,000 

21.3 

34,472 

.36 

264, 240 


Buckwheat . . 

.... do ... . 

20,000 

9.8 

2,040 

.80 

16, .000 


Potatoes 

do 

5,744,000 

58 

99, 031 

.05 

3, 733, 600 


Hay 

. . . .tons. . 

1,848,000 

1.40 

1,320,000 

4.40 

8,131,200' 


Total 




9.690,388 


62,051,240 







Nebrafika 

Indian com . . . 

.bushels. . 

106,129,000 

27.4 

3, 879, 123 

.20 

21,225,800 

! Wheat 

— do — 

17. 449,000 

11.0 

1,579,727 

.47 

8,201,030 


Rye 

— do 

S94, 000 

13.0 

68,733 

.32 

286, 080 


Oats 

....do.... 

21,865.000 

29.5 

742, 051 

.19 

4,154,350 


Barley 

.... do ... . 

3, 786, 000 

22.0 

172,088 

.31 

1,173,660 


Buckwheat . . . 

....do.... 

29,000 

8.6 

3,356 

.60 

17,400 


T^otatoe.s 

. . . <lo 

3,278,000 

60 

.54, 630 

.40 

1,311,200 


Hay 

. , . tons . . 

1,392,000 

1.45 

960,000 

3.75 

5, 220, 000 


T(‘vt;: 1 




7,459,708 


41,589,520 








Hal 1 for n in 

Tnrlin.n corn 

1 ;nsh.el.s 

4. 262, 000 

27. 2 

156, 752 

.62 

2, G42, 440 

1 Wheat 

....do... 

36,165,000 

11.6 

3,104,640 

.73 

26, 400, 450 

i ye 

.... do ... . 

365; 000 

12.0 

30,409 

.76 

277,400 

1 (^)ats 

. . . .do. . . . 

2, 317, 000 

28.8 

80, 348 

.44 

1,019,480 

Barley 

. . . .do 

16,038,000 

22.2 

722, 450 

. 65 

10, 424, 700 

1 Polatoes 

.... do ... . 

4,753,000 

78 

60,940 

.66 

3, 136, 980 

i Har 

.... tons . . 

i; 296; 234 

1.34 

967,479 

8.15 

10,564,307 


Total 




5,123,018 


54,465,757 







Oregon 

Indian corn. . . 

. bushels . . 

178,000 

26.7 

6,673 

.75 

138, 500 


Wheat 

....do.... 

11,133,000 

12.6 

884, 640 

- 6b 

7, 570, 440 


Rv(* ... - 

.... do 

22,000 

16. 1 

1,365 

. 75 

16,500 


Oats 

. . . - do 

5,102,000 

25.6 

199, 199 

.42 

2, 142, 840 


Barley 

— do 

941,000 

27.0 

M, 845 

.52 

489,320 


BuckwTjoat . . . 

— do 

9,000 

13.4 

673 

.75 

6,750 

1 

Potatoc-'. 

.... do 

1,037,000 

80 

12, 965 

.62 

642,940 


Hay . . 

... tons . . 

477,488 

1.27 

374, 850 

0.75 

4, 178,020 


Tnt«.l 



1,515,210 


15,180,310 


. 

1 
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Table showing the product of the cereals, potatoes, tobacco, hay, e^c.— Continued. 


States. 


Nevada 


Colorado 


Arizona 


Dakota 


Idaho 


Montana 




New Mexico 


Utah 


Products. 

Quantity 
produced in 
1886. 

Average 
yield 
per acre. 

Number of 
acres in 
each crop. 

Value pel 
unit of 
quantity. 

Total 

valuation. 

Indian com bushels . . 

Wheat do.... 

Oats do — 

Barley do 

Potatoes do 

Hay tons. 

Total 

22,000 

72,000 

250. 000 

500.000 

355. 000 
160, 650 

25.7, 

12.9 

31.8 

20.4 

75 

1.08 

855 
5,570 
7,858 
24,497 
4,733 
148, 50(^ 

SO. 76 
.75 
.50 
.68 
.65 
7.40 

$16,-: 20 
54,000 

125.000 

340.000 
230, 750 

1,188, 810 



192,013 


1,955,280 

Indian corn bushels . . 

A V heat do 

Kyo do 

Oats do 

Barley do 

Potatoes.* do. . . 

Hay tons. . 

Total 




938.000 

2. 419. 000 
42,000 

1.591.000 

193.000 

631.000 

115.000 

31.5 

19.8 

22.0 

33.0 

28.1 
78 

1.00 

29,778 
129, 152 
1,909 
48,207 
6,876 
8,096 
115,000 

.50 

.70 

.72 

.42 

.62 

.57 

9.80 

469, 000 
1,093,300 
30,240 
668,220 
119,660 
359, 670 
1,127,000 



332, 018 


4,467,090 

Indian corn bushels . . 

Wheat do 

Barley do ... . 

Potatoes do — 

Hay tons . . 

Total 




67.000 

297.000 

429. 000 

97.000 
24,098 

22.2 
13.5 
' 19.0 
70 

.90 

3,020 

22,0l0 

22,600 

1,385 

26,775 

.80 
.93 
.90 
1.00 
14. 75 

53, 600 
276,210 
386,100 
97,000 
355,446 



75,790 


1,168,356 

Indian corn . . . bushels . . 

Wheat do 

Rye do 

Oats do 

Barley do 

Potatoes do . . . 

Hay tons . . 

Total 




15.805.000 

30.704.000 
67, 000 

20. 651.000 

1.232.000 

3. 042. 000 
385,000 

23.9 

11.5 

13.0 

25.0 

22.0 
65 

1.40 

662, 625 
2, 675, 350 
5, 145 
825,600 
56,000 
46,800 
275,00(1 

.37 

.52 

.42 

.30 

.38 

.58 

4.25 

5,847,850 
15,966,080 
28, 140 
6, 195,300 
468, 160 
1,7&4,360 
1,636,250 



4, 546, 520 


31, 906, 140 

1 

Indian corn ...bushels.. 

Wheat do ... . 

Rye do 

Oats do ... . 

Barley do 

Potatoes do ... . 

Hay tons . . 

Total 




42.000 

1.039.000 

15.000 

1.078.000 

283.000 

430.000 
137, 164 

21.5 
15.9 

13.6 
31.0 
22.5 

105 

1.21 

1,950 
65,489 
1,106 
^770 
12, 576 
4,095 
112, 995 

.67 
.72 
.60 
. 55 
.48 
.57 
10.00 

28, 140 
748, 080 
9,000 
592, 900 
135,840 
245, ICO 
1,371,640 



232,981 


3, 130, 700 

Indian corn . . . bushels . . 
Wheat do 




22,000 

1.509.000 

1.987.000 
. 72,000 
451,000 
152, 048 

24.7 

17.0 

35.0 
22.9 

106 

1.09 

890 
88, 896 
56, 774 
3,144 
4,253 
139, 650 

.65 

.75 

.55 

.46 

.90 

10.50 

14,300 
1,131,750 
1,092,850 
33, 120 
405, 900 
1.596,504 

Oats do 

Barley do 

Potatoe.s . do 

Hay tons . . 

Total 



293, 607 


4,274,424 

Indian corn . . . .bushels . . 

AVheat do 

Oats do 

Bariev do 

Potatoes < lo .... 

Hay tons. . 

Total 




973. 000 

921.000 

528. 000 
63, 000 

101.000 
24, 570 

20.0 

11.4 

35.0 

19.1 
96 

.90 

48, 625 
80, 566 
15, 087 
3, 303 
1,050 
27,300 

.70 

.70 

.48 

.85 

1. 10 
14. 50 

681,100 
644, 700 
2.53,440 
53, 5.50 
111,100 
356, 265 



175, 931 


2, 100, 155 

Indian corn bushels. . 

Wheat,. do 

Rve do 

Oats do 

Barley do..,. 

Potatoes do 

i/OMs . . 

j 




267. 000 
1,541,000 

32, 000 
858. OtK) 
470, iX.b 

978.000 1 
159,120 i 

90. 0 

1t: O 

llJ, 

14. 1 
29. 8 
23.0 
85 

13,330 
101,704 
2,2(V1 
28, 794 
20,417 
11,509 
124.848 

.60 
.62 
. 55 
.40 
.49 
.36 
7.00 

160,200 
9f55, 420 
17, 600 
343,200 
230, 3CrO 
a52. 080 
1,113,840 

Total ! 



302,866 


a, 172, 640, 

i — =rrl. 

— 
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Table shoiring the product of the cereals, potatoes, tobacco, hay, efc.— Contiimed. 


~ States. 

\ 

Products. 

Quantity 
oroduced in 
1886. 

Average 
yield 
per acre. 

Number of 
acres in 
each crop. 

Value per 
unit of 
quanrity. 

Total 

valuation. 

Washington 

Indian com. 

. . .bushels. . 

88,000 

26.1 

3, 375 

$0. 75) 

^66,000 


Wheat 

do 

7, 560, COO 

17. 0 

4.45,490 

.67 

5,065,200 


Rye 

do 

21,000 

14.9 

1,412 

.65 

13,650 


Oats 

do 

3,126,000 

35. 4 

88, 393 

.45 

1,406,700 

' 

Barley 

do 

872, 000 

30. 0 

29,055 

. 09 

601,680 


Potatoes 

do 

1,258,000 

115 

10,943 

. 54 

679, 320 


Hay 

tons. . 

194, 763 

1.19 

1G3, 894 

7. 50 

1,460,723 


Total . 




742, 562 


9,293,r^ 








WvnTninP' 

Wheat 

. . . bushels . . 

63,000 

18.9 

3, 339 

.70 

44,100 


Oats 

do 

86, (»00 

0 1 
O 1 . 

2,750 

. r>.T 

47,300 


Potatoes 

do 

124, 000 

96 

1,293 

.75 

93, 000 


Hay 

tons. . 

100, 045 

1.07 

93, 5(X) 

11.00 

1,100,495 


Tntn.l . 




100, 888 


1,284,895 







Summary for e<ich State, shoiuing the product, area, and value of each crop for 

1886. 


Corn. 


Wheat. 


States and Territories. 



Bushels. 

Acres. 

Value. 

Mn.infl 

989,000 

1.364.000 

2. 058. 000 

1.922.000 

31,534 

S662.G30 

Navv TTn.TiiTiRtliro 

38,578 

927, 520 
1.358,260 

Vermont • 

62 ; 718 

l\Tnssa.(^b 11 setts 

58,8.21 

1,268,520 

Rhode Island 

408,000 

12, 946 

273, 360 

P.Aiine.etiP.iit 

1,992,000 

22,426,000 

58, 140 

1,2.54,960 

New York 

71 6, .572 

12, 558, 560 

New .Tersftv 

9,418,000 

40. 545.000 
3, 590, 000 

15.039.000 

346, 866 

4, 709, 000 

Pennsylvania 

1,438,285 

19,056,150 

T)el -n.wfi.re 

216, .595 

1,507,800 

IMaryland 

719, 073 

0,466,770 

Vircririia. 

32; 793, 000 

27.215.000 

13. 318.000 

31.197.000 

2 , 110 ,!X .!8 

14, 750, 860 

North Carolina 

South Carolina 

2,596,029 

1,457,594 

15,512,550 
' 7,990,800 

Ceorcria 

2, 88(5, 277 

18,718,200 

Florida 

4, 597, (XK) 

441,074 

3, 263, 870 

Alabama 

28. 893. 000 
2*5, 507, 000 

14. 640. 000 

69.213.000 

2, 393, 030 

17,335,800 

15,049,130 

IWississiDui 

1, 946, 666 

T .miiwifi.Tia. 

C3.3, 725 

8,052,000 

Tevas 

4,417,678 

38, 759, 280 

Arkansas 

42 ; 140; OilO 

73. 314. 000 
15,194,0'X) 

88. 758. 000 
9fi, 204, 000 

2, 069, 1.76 

20, 648, 600 

Tennessee 

3, 533, 894 

29, 3.25, 600 

West Virginia .......... 

665, 409 

6,381,480 

Kentuckv 

3.51(),150 

30, 177 , 720 

Ohio 

2, 987, >>i9 

33, 671,400 

Mip.hifyATi 

27,635,000 

118.795.000 

209.818.000 
28, 493, 010 
19, 905, 0.10 

198. 847. 000 

948, 069 

10,501,300 

Indi/i.Tia 

3, 720, 081 

38,014,400 

Illinois 

8, 559, 036 

65,, 043, 580 

"VVisiPonRin 

1,109,779 

10, 542, 410 

Minnesota 

068, 380 

6, 7()7, 700 

Iowa 

7, 927, 019 

.59, 654, 100 

Missouri 

143. 709. 000 

126.71.2.000 

6, ‘•484, 600 

44, 549, 790 

ICansas 

.5,812,615 

34,212,240 

Nebraska 

106,1.20,000 
4, 262, 000 
178, 000 

3,870,123 

21.225,800 

Olalifornia 

156,752 

2, 642, 440 

Oreeroii 

6, 673 

133, 500 

Nevada 

22,000 

855 

16, 720 

Colorado 

938,000 

67,000 

20, 778 

469,000 

Arizona 

3 ; 020 

53, GOO 

Dakota 

15, 805, 000 

42. 000 

22.000 

973.000 

267.000 
88,000 

662, 625 

5, 847, 850 

Idaho 

1,9.50 

28,140 

Montana 

890 

14,300 

New Mexico 

48, 625 
13, 330 
3,375 

68i;i00 

Utah 

160,200 

V^ashington 

66,000 

WvmniiifJ' 






Total 

1,665,441,000 

75,694,208 

610,311,000 




Bushels. 

Acres. 

Value. 

600,000 

169,00<J 

410,000 

17,000 

41,537 

11,154 

21,507 

1,060 

8720,000 
199,420 
451,000 
17, 000 

3G,0(X) 

11.093.000 
2, 260,000 

18. 255. 000 
1,177,000 

7. 194. 000 

5.581.000 

3. 209. 000 
936, 000 

1.690.000 

2,193 
680,493 
144, 528 
1, 435, 506 
94, 790 
580, 287 
683, 697 
696, 546 
187, 026 
385, 954 

35, 280 
9,318,120 
1,943,600 
15,151,650 
988. 680 
5, 899; 080 
4,520,610 
3,209,000 
1,010,880 
1,774,500 

1,529,000 
173, 000 

222, 704 
43,062 

1,636,030 
190, 300 

5. 383. 000 

1.81.5. 000 
8, 024, 0<X> 

3.061.000 

12. 405. 000 

40. 362. 000 

26. 572. 000 

40.255.000 

27. 562. 000 

14.725. 000 

42.856.000 

32. 455. 000 

21.986.000 

14. 556. 000 

17. 449. 000 

36.165.000 

11.133.000 
72,000 

2.419.000 

297.000 

30. 704. 000 

1.039.000 

1.509.000 

921.000 

1.541.000 

7.560.000 
63,000 

529, 104 
231 , 357 

1.199.400 
287^788 

. 1,111,728 
2,688,468 
1,662,721 
2, 721,526 

2.01.5.400 
1,281,018 
3,007,851 
2, 6.57, 105 
1,G62, 721 
1,272, 300 
1,579,727 
3, 104, 640 

884,640 
5, 570 
122, 152 
22,010 
2, 675, 350 
65, 489 
88,896 
80, 566 
101,704 
445, 490 
3, :339 

4, 844, 700 

1.542.750 
0,258, 7.20 
2,448,600 
8, 931,000 

29,867,880 
. 19,397,560 
28,178,500 
19,017,780 

10.013.000 

26, 142 ; 160 

19.473.000 
13,851,180 

8,442,480 
8,201,030 
26,400,450 
7, 670,440 
54,000 
1,693,300 
276,210 
15, 966,080 
748,080 

1.131.750 
644,700 
955,420 

5, 065.200 
44,100 

457, 218, 000 

36, 800, 184 
\ 

314,226,020 
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Summary for each State, showing product, area, and value for 1886 — Continued. 


▼ 


States and Territories. 

riye. • 


Oats. 


Bushels. 

r 

Acres. 

Value. 

Bushels. 

Acres. 

f' 

Value. 

Maine 

29,000 

2, 385 

g25,520 

2,701,000 

90, 490 

$1,080,400 

New Hampshire 

38,000 

3, 346 

:I3,060 

1,081,000 

32, 766 

443, 210 

Vermont 

82, 000 

6,2^10 

59, 860 

3, 844, 000 

106, 656 

1,422,280 

Massachusetts 

326,000 

25. 053 

22S, 200 

7'38, 000 

24, 267 

324. 72M 

Rhode Island 

19,000 

1,372 

13,680 

lfri,000 

6,353 , 

80, 960 

Connecticut 

390, 000 

29, 981 

201 , 300 

1,123,000 

39, 02"r' 

' 471,660 

New York 

2, 890, 000 

236, 875 

1,705,100 

40, 223, 000 

1,399,097 

14, 07'8, 0,50 

New Jersey 

1,232,000 

103, 518 

702, 240 

3, 734, 000 

137, 455 

1,344,240 

Pennsylvania 

4, 545, 000 

402, 179 

. 2, 636, 100 

37, 759, 000 

1,317,063 

12, 838, 060 

Delaware 

6,000 

857 

3, 600 

492,000 

21,409 

172, 200 

Maryland 

258,000 

30, 750 

154, 800 

2,470,000 

113,322 

815, 100 

Virginia 

385,000 

51,327 

238, 700 

8, 577, 000 

633,655 

2, 916,180 

North Carolina 

315,000 

05, 551 

27'0, 900 

6,276,000 

635, 064 

2, 824, 200 

South Carolina 

41,000 

8, 285 

43,050 

3,440,000 

393, 265 

2, 132, 800 

Georgia 

146,000 

27,085 

163, 520 

5,301,000 

589,001 

3,180,600 

Florida 




489,000 

51,467 

308, 070 

Alabama 

44,000 

0, 059 

52, 800 

4, 718; 000 

409; 807 

2, 925, 160 

Mississippi 

10,000 

1,008 

12,500 

3, 368, 000 

355,001 

2,121,840 

Louisiana 

10,000 

1,285 

9.500 

361,000 

36, 138 

187, 720 

Texas .... 

42,000 

5,544 

38,640 

11,369,000 

552, 966 

5, 684, ,500 

Arkansas 

34,000 

4,282 

27,200 

4, 749, 000 

263, 848 

1,994,580 

Tennessee 

253,000 

36, 137 

177, 100 

7, 920, 000 

638, 699 

2, 534, 400 

West Virginia 

172,000 

18, 106 

108,360 

2, 803, 000 

139,419 

840,900 

Kentucky 

933, 000 

93,347 

522,480 

10, 219,000 

486, 630 

3, 270, 080 

Ohio 

716, 000 

53,000 

400, 980 

31,850,000 

983, 606 

8,918,000 

Michigan . 

300,000 

23, 463 

168,000 

18, 521,000 

628, 116 

6, 297, 140 

Indiana 

441,000 

36, 750 

229, 320 

31,798,000 

1,034, 923 

8,585,460 

Illinois 

2, 527, 000 

180, .500 

1,187,690 

103,649,000 

3, 257, 180 

26, 948, 740 

Wisconsin 

1,986,000 

172, 674 

953, 280 

39, 656, 000 

1,398,349 

11, 103, 680 

Minnesota 

462,000 

33,031 

203,280 

40, 735, 000 

1,184,032 

10, 183, 750 

Iowa 

1,700,000 

124,984 

714, 000 

78, 454, 000 

2,298,752 

18,044,420 

Missouri 

571,000 

47, 551 

285,500 

30, 577, 000 

1,305,884 

7, 644, 250 

Kansas 

2, 128,000 

185,000 

872, 480 

25, 516,000 

964, 930 

6,379,000 

Nebraska 

894,000 

68,733 

286,080 

21,865,000 

742, 051 

4, 154, 350 

California 

365, 000 

30,409 

277, 400 

2, 317, 000 

80, 348 

1,019,480 

Oregon 

22, 000 

1,365 

16, ,500 

5, 102, 000 

199, 199 

2, 142, 840 

Nevada 




250, 000 

7, 858 

125, 000 

Colorado 

42,666 

1,909 

30, 210 

1,591,000 

48, 207 

668; 220 

Dakota 

67,000 

5, 145 

28, 140 

20,651,000 

825. 600 

6,195,300 

Idaho 

15,000 

1,106 

9,000 

1,078,000 

31, 770 

.592, 900 

Montana 




1 987 000 

56, 774 

1 092,850 

NeW Mexico 




528,000 

15 087 

253,440 

Utah 

32,000 

2,264 

17,600 

858,’ 000 

28, 794 

343, 200 

Washington 

21,000 

1,412 

13, 650 

3,126,000 

88,393 

1,406,700 

Wyoming 




86,000 

2, 756 

47, :I00 






Total 

24, 489, 000 

2, 129, 918 

13, 181,330 

624. 13-1, 000 

23, 658, 474 
. 

186, 137, 930 


States and Territories. 

r 

I 

Barley. 


Buckwheat. 

Bushels. 

Acres. 

Value. 

Bushels. 

Acres. 

Value. 

Maine 

252, 000 

11,206 

$163,800 

362, 000 

20, 126 

$199,100 

New Hampshire 

89, 000 

3, 857 

60, 520 

92,000 

4, 784 

52. 440 

Vermont 

301.000 

11,711 

101.520 

359, 000 

17, 862 

190,270 

Massachusetts 

75, 000 

3,248 

52, 500 

92,000 

5, 281 

57, 040 

Rhode Island 

21,000 

824 

14, 910 

2, 000 

127 

1,300 

Connecticut 

14,000 

632 

8, 680 

147, 000 

10, 865 

82,320 

New York 

7,712,000 

350,544 

4,704,320 

4, 543 ; 000 

317 ; 663 

2. 362, 360 

New Jersey 




453 000 

35 376 

' '7 270 

Pennsylvania 

505,000 

28, 065 

303,000 

3, 513 ; 000 

274.445 

,, 7,020 

Delaware 




6 000 

437 

3,420 

Maryland 




13r000 

10 894 

81 220 

Virginia 

21,000 

1,151 

13,230 ! 

178,’ 000 

20 ; 041 

io(i;8ao 

North Carolina 

4,000 

284 

2,680 ! 

67,000 

6,7.50 

34. 200 

Georgia 

20,000 

1,516 

19,000 1 




Alabama 

7,000 

636 

6, ,510 1 




Texas 

108,000 

7,993 

97,200 ' 

i 


t 

Tennessee 

37, 000 

3,' 143 

24,050 i 

40,000 i 

. 5.515 

24, 000 

West Virginia 

7,000 

573 

3,500 i 

350,000 1 

39.721 

206, 500 

Kentucky 

464,000 

18, 564 

241,280 1 

13,000 1 

1 . 450 

8, 450 

Ohio 

956,000 

35,418 

535,360 1 

146,000 1 

12, 735 

87, GOO 

Michigan 

1,133,000 

50, 348 

657,140 1 

430,000 ! 

33, 065 

236, 500 

Indiana 

435,000 

30,735] 

247^950 J 

92,000 i 

8,749 

53,360 
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SkimTnary for each State, showing product, area, and value fot 1886— Continwea. 


States and Territories. 


Bushels. 


Barley. 


Acres. 


Value. 


Bushels. 


Buckwheat. 


Acres. 


Value. 


Illinois 

Wisconsin . . 
Minnesota . 
Iowa ....... 

Missouri . . . 

Kansas 

Nebraska . . 
California . . 

Oregon 

Nevada 

Colorado . . . 

Arizona 

Dakota .... 

Idaho 

Montana . . . 
New Mexico 

Utah 

Washington 


980.000 

6.991.000 

8.455.000 

6. 045. 000 

180.000 

734. 000 

3. 786. 000 
16, 038, 000 

941.000 

500.000 

193.000 

429. 000 

1.232.000 

283.000 

72.000 

63. 000 

470.000 

872.000 


42, 615 
317,756 
367, 601 
224, 219 
7,995 
?A, 472 
172 , 088 
722, 450 
34, 845 
21,497 
6,876 
22,600 
56,000 
12, 576 
3, 144 
3, 303 
20,417 
29, 055 


$509, 600 
3, 355, 630 
3,551,100 
2, 270, 250 
86, 4<X) 
264, 240 
1, 173. 660 
10, 424, 700 
489, 320 
340, 000 
119, 660 
386, 100 
468, 160 
135, 840 
33, 120 
53, 550 
230; 300 
601,680 


172.000 

261.000 
72,000- 

234, 000 
66, 000 
20,000 ! 
29,000 j 


15, 181 
31,852 
6, ;B43 
24.608 I 
7,073 i 
2,040 
3,3.56 ! 


Total 59,428,000 2,652,957 31,840,510 


9, 000 

1 

673 6, 750 


i 


1 ■ 



11,869,000 

917,915 6, 465; 120 


States and Territories. 


Maine 

New Hampshire 

Vermont 

Massachusetts . . 
Rhode Island .... 

Connecticut 

New York 

New Jersey ... . 
Pennsylvania . . . 

Delaware 

Maryland 

Virginia 

North Carolina . . 
South Carolina . . 

Georgia 

Florida 


Bushels. 


6.514.000 

2. 813. 000 

3. 763. 000 

3.425.000 
'649,000 

2. 208. 000 

27. 995. 000 

3. 208. 000 

14.606.000 I 

272. 000 

1.393.000 

2. 300. 000 

1.273.000 

259. 000 

590.000 

134. 000 


Potatoes. 


Acres. 


35, 387 
21,215 
4, 107 
9, 083 


V alue. 


Tons. 


Hay. * 


Acres. 


62, 035 

$3, 582, 700 

1,103,610 

1,286,874 

27, 577 

1, 32,2. 110 

548, 256 

678, 730 

36. 185 

1,429,940 

965, §89 

1,023,060 

33 ; 912 

2,123,500 

661,077 

635, 893 

6, 493 

408, 870 

78,016 

95,778 

31, ,541 

1,324, 800 

540 ; 402 

574, 649 

349, 934 

11,477,9.50 

5, 418, 677 

,111,023 

40, 098 

1,732,320 

517,^43 

503, 664 

192, 183 

6, 718, 760 

3, 067, 201 

2,711,186 

4,182 i 

136,000 

50, 025 

50, 621 

20,786 

640, 760 

312, 843 

289, 219 


1,081,000 
712, 880 
212, 380 
560, 500 
134,000 


296,818 
111,182 
25,200 
34, 980 


301,849 
106, 856 

24.000 

33. 000 


Value. 


$12, 801; 876 
6,579,072 
10,045,246 
11,238,309 
1,310, 669 
8, 160, 070 
58, 250,778 
6,733,259 
35, 272, 812 
612,606 
3, 597, 695 
3,116,589 
1,223,002. 
323,064 
454,740 


Mississippi 

5723, 000 

8, .556 

498, .510 

28,350 

1 27, 000 

351 ; 540 

Louisiana 

474,000 

6, 728 

433, 320 

42, 882 

1 40, 9.33 

493, 143 

Texas 

.569, 000 

10, 345 

512,100 

92, 289 

101,. 562 

876,746 

Arkan.sa.s 

838, 000 

12,513 

527, 940 

35,04< 

.32, 671 , 

378,508 

Tennessee 

2,531,000 

.38, 937 

1,063,020 

27'9, 487 

220, 758 

3, 144, 229 

West Virginia 

1,9.52,000 

27, 885 

819, 840 

286, 943 

378, 208 

2, 677, 178 

Kentucky 

3,4.5.5,000 

51,567 

1,278, .3.50 

313,200 

.322, 596 

3,069,360 

Ohio 

11,6.56,000 

149, 432 

4, 662, 400 

3, 106, 257 

2, .57 3, 970 

27, 956, 313 

Michigan 

11,725,000 

146; 568 

4, 572, 7.50 

1,642,883 

1,419,311 

15, 607,389 

Indiana 

6, 779, 000 

94, 151 

2,576,020 

3.100,000 

2,480,000 

20,150,000 

Illinois 

9,241,000 

137, 932 

3,973,630 

4,513,031 

3, 372, 375 

28,883,398 

Wisconsin 

6. 974, 000 

108, 974 

2, 929, 080 

1,071, 257 

1 , 7'32, 486 

16,548,438 

Minnesota 

5, 306, 000 

63, 161 

1, 963, 220 

600, 000 

480,000 

2, 820, 000 

Iowa ! 

7, 577, 000 

140, 314 

.3, .561, 190 

4, 137, o44 

3, 673, 875 

20, 689, 220 

Missouri 

4,109,000 

82,180 

1,72.5,780 

1,461,750 

1,338,750 

10, 253, 2.50 

Kansas 

5, 744, 000 

99.0.31 

3, 733, 600 

1,848,000 

1,320,000 

8,131,200 

Nebraska 

3, 278, 000 

54, 6.30 

1,311,200 

1.392,000 

960,000 

5, 220, 000 

\California 

4, 753, 000 

60, 940 

3, 136, 980 

1,296.234 

967, 479 

10, 564, m 

Oregon 

1,0.37.000 

12 ; 965 

642, 940 

• 477,488 

374, 850 

4, 178, 020 

Nevada 

355, 000 

4, 733 

230,750 

160, 650 

148,500 

1,188,810 

Colorado 

631,000 

8, 096 

359, 670 

115, 000 

115,000 

1,127,000 

Arizona 

97, 000 

i;.‘385 

97,000 

24, 098 

26, 775 

355,446 

Dakota. 

,012,000 ! 

46,800 

1,764, .360 

.385, 000 

275,000 

1,636,250 

Idaho 

430, 000 1 

4, 095 

245, 100 

1.37,164 

112, 995 

1,371,640 

Montana 

45 , 000 

4,253 j 

405. 900 

1.52, 048 

139, 650 

1,596,504 

New Mexico 

101.000 

1,050 ! 

111,100 

24, 570 

27, 300 

a56,265 

Utah 

978, 000 

11,509 

352, 080 

1.59,120 

124, 848 

1,113,840 

Washington 

1 , 258, 000 

10, 94:3 

679, 320 

194, 763 

163, 894 

1,460,723 

Wyoming 

124,000 

1,293 1 

93,000 

100, 045 

93, 500 

1,100,496 

Total 

.... 168,051,000 2,287,1.36 

78,^441,940 

41,796,499 

36,501,668 

3.53,437, 699 


♦ Including only hay cut on farms, and exclusive of hay cut ou public lands and lands of noE-resi 

dents. 
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Summary for each State y showing xyroduct, area, and value for 1%^ — Continued. 


States and Territories. 


Massachusetts 

Connecticut ... 

New York 

Pennsylvania 

Maryland 

'Virginia 

North Carolina 

South Carolina 

Georgia 

Florida 

Alabama 

Mississippi 

Louisiana 

Texas 

Arkansas 

Tennessee 

'West Virginia 

Kentucky 

Ohio 

Indiana .... 

Illinois 

Wisconsin 

Missom-i 

AH other States and 
Territories, including 
Missouri for cotton . . . 

Total 


Tobacco. 


Pounds. 


4.231.000 

11.667.000 

7.583.000 
34, 95^,000 

25. 238. 000 

91.189.000 

31.559.000 


2, 108,000 

31.763.000 

2.749.000 
193,915,000 

35. 333.000 

14. 880.000 

6. 158.000 

23.744.000 

11.959.000 


3,510,000 


Acres. 


2,594 
7,292 
5, 8:^3 
28, 695 
43,892 
161,397 
75,141 


632,537,000 


2,409 
49, 629 
4,398 
251,838 
36,805 
22, 545 
10,710 
24,229 
16,053 


6,750 


750,210 


Value. 


$592, 340 
1,633,380 
8i2,045 
4, 124,218 
1,640, 470 
6, 383, 230 
2, 998, 105 


158, 100 
1,905,780 
192,430 
11,634,900 
2,473,310 
892,800 
369,480 
2,374,400 
837, 130 


386, 100 


39,468,218 


Cottoh. 


Pounds. 


6,400,050 
168,250,306 
231,740,740 
405,008,579 
27, 886,014 
367,083,340 
453,663,972 
228, 907, 601 
754,348,000 
325, 149, 120 
144,892,746 


13,899,765 


Acres. 


42, 667 
1,071,658 
1,655,291 
2, 956, 267 
270,738 
2, 823, 718 
2,548,674 
1,035,781 
3,771,740 
1,354,788 
847, 326 


Value. 


$537,604 

14,133,026 

19,234,481 

33,210,703 

2,286,653 

30,407,917 

37,654,110 

18,999,331 

61,102,188 

26,662,228 

11,881,205 


75,955 j 1,125,881 


3,127,230,233 


18,454,603 


257, 205, 327 


Table showing the average yield per acre and price per bushel, pound, or ton of farm 

products for the year 1886. 


States and Terri- 
tories. ' 

Corn. 

Wheat. 

Rye. 

Oats. 



Barley. 

Bush- 

els. 

Price 

per 

bushel. 

Bush- 

els. 

Price 

per 

bushel. 

Bush- 

els. 

Price 

per 

bushel. 

Bush- 

els. 

Price 

per 

bushel. 

Bush- 

els. 

Pi’i?e 

per 

burhel. 

Maine 

31.4 

$0. 67 

14.4 

SI. 20 

12.2 

$0.88 

29.8 

$0.40 

22,5 

$0. 65 

New Hampshire — 

35. 4 

.68 

15. 2 

1.18 

11.4 

.87 

33.0 

.41 

23.1 

.G8 

Vermont 

32.8 

.66 

19.0 

1.10 

13.0 

.73 

36.0 

.37 

20. 0 

.63 

Massachusetts 

32.7 

.66 

15.7 

1.00 

13.0 

.70 

30.4 

.44 

23.1 

.70 

Rhode Island 

31.5 

.67 



13.8 

.72 

29.0 

.44 

£5 5 

.71 

Connecticut 

34.3 

.63 

16.4 

.98 

13.0 

.67 

28.8 

.42 

22,2 

.02 

New York 

31.3 

• .56 

16.3 

.&4 

12.2 

.59 

28.7 

.35 

22.0 

.61 

New Jersey 

27.1 

.50 

15.6 

.66 

11.9 

.67 

27.2 

.36 



Pennsylvariia 

28.2 

.47 

12.7 

.83 

11.3 

.58 

28.7 

.34 

18.0 

.60 

Delaware 

16.6 

.42 

12.4 

.84 

7.0 

.60 

23.0 




Maryland 

20.9 

.43 

12.3 

.82 

8.4 

.60 

21.8 

.33 



Virginia 

15.5 

.45 

8.2 

.81 

7.5 

.62 

13.5 

.34 

18.2 

.63 

North Carolina 

10.5 

.57 

4.6 

1.00 

4.8 

.86 

9.9 

.45 

14.1 

.67 

^outh Carolina 

9.1 

.60 

5.0 

1.08 

4.9 

1.05 

8.7 

.62 



?]leorgia 

10.8 

.GO 

4.4 

1.05 

5.4 

1.12 

9.0 

.60 

13.2 

. 95 

Florida 

10.4 

.71 





9.5 

.63 




12.1 

.60 

6.9 

1.07 

7.3 

1.20 

11.5 

.62 

11.0 

.93 

Mississippi 

13.1 

.59 

4.0 

1.10 

9.9 

1.25 

9.5 

.63 



Louisiana 

15, 6 

.55 



7.8 

.95 

10.0 

5''* 



Texas 

i.O\ 4 

.56 

10.2 

.90 

7.6 

.92 

20.6 

.50 

las 

.90 

Arkansas 

20.4 

.49 

7.8 

.85 

7.9 

.80 

18.0 

.42 



Tennessee 

20.7 

.40 

6.7 

.78 

7.0 

.70 

12.4 

.32 

11.8 

.65 

West Virginia 

22.8 

.42 

10.6 

.80 

9.5 

.63 

20.1 

.30 

12.2 

.50 

Kentucky 

25.2 

.34 

11.2 

.72 

10.0 

. 56 

21.0 

.32 

25. 0 

.52 

Ohio 

32.2 

. 35 

15. 0 

.74 

13.5 

..56 

32.4 

.28 

27.0 

. 56 

Michigan 

29.1 

.as 

16.0 

.73 

12.8 

.56 

29.5 

.34 

22.5 

.58 

Indiana 

31.9 

.32 

14.8 

.70 

12.0 

.52 

30.7 

.27 

21.0 

.57 

Illinois 

24.5 

.31 

13.7 

.69 

14. 0 


31.8 

.26 

23.0 

.52 

Wisconsin 

25.7 

.37 

11.5 

.68 

11.5 

.48 

28.4 

.28 

22.0 

.48 

Minnesota 

29.8 

.34 

14.0 

.61 

14.0 

.44 

34.4 

. 25 

23.0 

.42 

Iowa 

25.1 

.30 

12.2 

.60 

13.6 

.42 

34.1 

.23 

22.5 

.45 

Missouri 

22.2 

.31 

13.2 

.63 

12.0 

.50 

23.4 

.25 

22.5 

.48 

Kansas 

21.8 

.27 1 

11.4 

.58 

11.5 1 

.41 

26.4 

.25 

21.3 

.36 
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Table shozving the average yield, etc., of farm products for 1886 — Continued. 


States and Terii- 
Lories. 

Com. 

Wheat. 

Rye, 

r ' 

Oats. 

Barley. 

Bush- 

els. 

price 

per 

bushel. 

Bush- 

els. 

Price 

per 

bushel. 

Bush- 

els. 

Price 

per 

bushel. 

Busli- 

els. 

Price 

per 

bushel. 

Bush- 

els. 

Price 

,I>er 

bushel. 

Nebraska 

27.4 

$0.20 

11.0 

$0. 47 

13.0 

$0. 32 

29,5 

$0. 19 

22.0 

$0. S 1 

California 

27. 2 

.62 

11.6 

■ i O 

12. 0 

. 76 

28.8 

.44 

22.2 

. 65 

Oregon 

26.7 

. 75 

12.6 

.68 

10.1 

. i i) 

25. 6 

. 42 

27.0 

.52 

Nevada 

2 o . 7 

.70 

12.9 

. < ‘O 



31 8 

.50 

20 4 


Colorado 

31.5 

.50 

19. 8 

.70 

22. 0 

. 72 

33.0 

.42 

28.1 

.62 

Ai’izona 

22.2 

.80 

13.5 

.93 





19 0 

90 

Dakota 

23. 9 

.37 

11.5 

.52 

13.0 

.42 

25.0 

.30 

22.0 

.' S 8 

Idaho 

21.5 

.67 

15.9 

.72 

13. G 

.60 

31.0 

.5.5 

22.5 

.48 

Montana 

24.7 

. 65 

17.0 

. 75 


. 

35.0 

. 5.5 

22. 9 

.46 

New Mexico 

20.0 

.70 

11.4 

.70 



35 0 

.4 iS 

19 1 

85 

Utah 

20.0 

.60 

15, 2 

. 62 

14. 1 

. 55 

29.8 

. 4 (i 

23.0 

- .40 

Washington 

26.1 

. 75 

17.0 

. 67 

14.9 

.65 

35.4 

. lo 

30.0 

.69 

Wyoming 



18.9 

.70 



1 o 

. 55 














Average 

22.0 

.366 

12. 4 

.687 

11.5 

.538 

26.4 

. 208, 

22.4 

.530 


Buclcwheat 


Potatoes. 


Hay. 


Tobacco. 


Cotton. 


States and Terri- 
tories. 

Bush- 
els. , 

Price 
] )er 

bushel. 

Bush- 

els. 

Price 

per 

bushel. 

Maine 

18.0 

$0. 55 

105 

$0. .55 

New Hampshire , . 

19.2 

.57 

102 

.47 

Vermont 

20.1 

.53 

104 

.38 

Massachusetts .... 

fr.4 

.62 

101 

.02 

Rhode Island 

15. 7 

.65 

100 

.63 

Connecticut 

13.5 

.50 

70 

.00 

New York 

14.3 

.52 

89 

.41 

New Jersey 

12.8 

.59 

80 

.54 

Pennsylvania 

12.8 

. 54 

76 

.46 

Delaware 

13.7 

.57 

65 

.50 

Maryland 

12.0 

.62 

07 

. 40 

Virginia 

8.5 

.60 

65 

.47 

North Carolina . . . 

8.4 

.60 

60 

. 50 

South Carolina . . . 



03 

. 52 

Georgia 


/ 

6.5 

. 05 

Florida 



67 

1.00 

Alabama 



65 

. 95 

Mississippi 



67 

. 8'7 

T,mii.siana . 



70 

.92 

Texas j 

' . ! 55 

.00 

Arkansas ‘ ... 


67 

. ()3 

Tennessee 

7.3 

.60 

05 

. 42 

West Virginia 

8.8 

. 59 

70 

.42 

Kentucky. 

9.0 

.65 

07 

.3*7 

Ohio 

11.5 

.60 

78 

.40 

Michigan 

13.0 

. 55 

80 

.39 

Indiana 

10.5 

.58 

72 

.38 

Illinois 

11.3 

.58 

67 

.43 

Wisconsin 

8.2 

.50 

64 

.42 

Minnesota 

11.4 

.60 

84 

.37 

Iowa 

9.5 

. 62 

54 

. .47 

Missouri 

9.3 

. 60 

50 

.42 

Kansas 

9.8 

.80 

.58 

.65 

Nebraska 

8.6 

.60 

60 

.40 

California 



78 

. 66 

Oregon 

13.4 

r*- ^ 

. <o 

80 

.02 

Nevada 



7*5 

. 65 

Colorado 



78 

.57 

Arizona 



70 

1.00 

Dakota 



65 

.58 

Idaho 



lj [)5 

.57 

Montana 



106 

.90 

New Mexico 



93 

1.10 

Utah 



85 

.36 

Washington 



115 

.54 

Wyoming ......... 



96 

■•yin 

9 i •-> 

Average . . . | 

12.9 

. 5 45 

73.5 

. 407 

1 


Tons. 

Price 

per 

ton. 

Pounds. 

— 

Price 

per 

pound. 

Bales. 

Pounds 

1 

1 Price 
! per 
'pound. 

.86 

$11.60 




i 

.81 

'^12.00 




1 

.94 

10. 40 





1.04 

17.00 

1,631 

$0. 140 

1 

' 

.81 

16.60 



.94 

15. 10 

1,600 

.140 


1 

1.00 

10. 75 

i ;300 

.115 



1.03 

13.00 




1.13 

11.50 

1,218 

.118 


1 

.99 

12. 25 


' 

1 

l.OB 

11.50 

.575 

. CG 5 



! 

.98 

10. 50 

565 

. 0 ro 

. .326 

1.50 

6^ 

p 

O 

1.04 

11.00 

420 

.095 

. m 

157 

.084 

1.05 

12. 82 




140 

.083 

1.06 

13.00 



.291 

137 

.082 





219 

103 

.082 

1 . (X) 

13. GO 



.266 

1.30 

.0^ 

1.05 

12.40 



..367 

178 

.083 

1.05 

11.. 50 



.456 

221 

.0^ 

91 

9. 50 



398 

200 

081 

1.07 

10. 80 

875 

.075 

.488 

240 

.083 

1.2^ 

11.25 

640 

.060 

.352 

171 

.062 

.76 

9. 33 

625 

.070 




.97 

9.80 

V 70 

.060 




1.21 

9.00 

960 

.070 




1 16 

9. 50 






1 25 

6.50 

660 

.060 




1 3‘ 

6. 40 
8. 00 

575 

oso 




1 1) 

980 

. 100 




1 2.5 

4. 70 








1 13 

5 GO 






1 09 

7 00 

745 

070 




1.40 

4. 40 






1.45 

3. 75 






1.34 

8. 15 






1 . 27 

8. 75 






1.08 

7.40 



1 

* 


1.00 

9. 80 






.90 

14. 75 






1 4D 

4 25 

L 

r 

110 




1.21 

10. 00 

\ 




1.09 

10. 50 






.90 

14. .50 






1.27 

7.00 i 






1.19 

7.50 i 






1.07 

11.00 1 

) 





1. 15 

■ 8.46 

709. 9 

.074 j 

.349 1 

169. 5 

.082 





1 

) 
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Table shovnng the average cash value pet note Of farim products for the year 188G. 


States and Terri- 
‘ tories. 

Corn. 

Wheat 



Rye. 

Oats. 

Barley. 

Buck- 

wheat. 

Potatoes. 

To- 

bacco. 

Hay. 

Cot- 

ton. 

Maine 

121.01 

$17. 33 

$10. 70 

$11.94 

$14. 62 

$9 89 

$57 75 


$9 95 


New Hampshire . . . 

'24. 04 

17. 88 

' 9.88 

13.53 

15.69 

10. 96 

47. 94 


9.69 


Vermont 

21. GG 

20.91 

9. 52 

13. 34 

16.35 

10. 65 

39 .52 


9 82 


Massachusetts . . . . 

21.57 

15. 74 

9.11 

13. 38 

16.16 

10.80 

62.62 

$228.35 

17. 67 


Rhode Island 

21. 12 


9. 97 

12.74 

18.09 

10.24 

62.97 


13.68 


Connecticut 

21 59 

16 09 

8. 72 

12 09 

13.73 

7. 58 

42 00 

224 00 

14 20 


New York 

17. 53 

13. 69 

7. 20 

10. 06 

13.42 

7.44 

32 80 

149. .50 

11 40 


New Jersey 

13. 58 

13. 45 

6. 79 

9.78 


7.56 

43.20 


13. 37 


Pennsylvania 

13. 25 

10. 55 

6. 55 

9.75 

10.80 

6. 91 

34. 96 

143. 73 

13 01 

.... • - 1 

Delaware : . 

G.96 

10.43 

4. 20 

8.04 


7.83 

32. 52 


12. 11 


Maryland 

8 99 

10 06 

5.03 

7. 19 


7. 46 

30. 83 

37. 38 

12.44 


Virginia 

6.99 

6.61 

4. 65 

4.60 

11.49 

5.10 

30. 55 

39. 55 

10.32 

$12.60 

North Carolina .... 

5. 98 

4. 61 

4.13 

4.45 

9.44 

6.07 

3.3.60 

39.90 

11.45 

13. 19 

South Carolina .... 

5.48 

5.41 

5. 20 

5.42 



51.71 


13.46 

11.62 

Georgia 

6.49 

4.60 

6.04 

5 40 

12. 53 


61 71 


13.78 

11.23 

Florida 

7.40 


5. 99 



67, 13 


8.46 

Alabama 

7 24 

7 35 

8. 71 

7 14 

10. 24 


61 74 


13 50 

10. 79 

Mississippi 

7.73 

4.42 

12.40 

5.98 



58.26 


13.02 

14. 77 

Louisiana ... .... 

8 61 


7. 39 

5 19 



64 41 


12 05 

18.34 

Texas 

8 77 

9 16 

6.97 

10 28 

12. 16 


49 50 


8 63 

16.20 

Arkansas 

9.98 

6.67 

6. 35 

7 56 



42 19 

65. 63 

11.59 

19.68 

Tennessee 

8.30 

5. 22 

4. 90 

3. 97 

7.65 

4. .35 

27.30 

38.40 

14.24 

14. 02 

West Virginia 

0 59 

O 

5 98 

6 03 

6 11 

5 20 

29 40 

43 75 

7 08 


Kentucky 

8 58 

8.03 

5. 60 

6. 72 

13.00 

5.83 

24 79 

46.20 

9.51 


Ohio . . , “ 

11.27 

11.11 

7. 57 

9. 07 

15. 12 

6.88 

31.20 

67.20 

10.86 


Michigan 

11. 08 

11. 07 

7. 16 

10. 03 

13. 05 

7. 15 

31 20 


11.00 


Indiana 

1i).2.2 

10. -35 

0. 24 

8. 30 

11.96 

6. 10 

27 36 

39.60 

8. 13 


Illinois 

7 GO 

9. 44 

6. .58 

8 27 

11.96 

6. .57 

28 81 

34. 50 

8 56 


Wisconsin 

9 r iO 

7.82 

5.52 

7. 94 

10. 56 

4.59 

26 88 

98.00 

9 55 


Minnesota 

10. 13 

8. 52 

6. 15 

8. 60 

9.66 

6.81 

31 08 


5.88 


Iowa 

7. 53 

7. 33 

5.71 

7.85 

10. 13 

5.90 

25 38 


5.63 


Missouri 

6.87 

8. 33 

6.00 

5.85 

10. 81 

5.60 

21.00 

62. 15 

7.66 


Kansas 

5.89 

6.64 

4. 72 

6. 61 

7. 67 

7.84 

37,70 


6. 16 


Nebraska 

5.47 

5.19 

4. 16 

5.60 

6.82 

5.18 

24.00 


5.44 

4 • ■ . • 

California ......... 

16.80 

8.50 

9.12 

12.69 

14. 43 


51.48 


10 92 


Oregon 

20. 01 

8.56 

12.09 

10.76 

14.04 

10.03 

49 59 


11 15 


Nevada 

19. 56 

9. 69 


15.91 

13 88 


48 75 


8 01 


Colorado 

j Ti 75 

13.86 

15.84 

13.86 

17. ■^lO 


44 43. 


9 80 


Arizona 

17. 75 

12. 55 



17. 08 


70.04 

-57.20 

13 28 



8.83 

5.97 

5. 47 

7. 50 

8. 36 


37.70 

5 95 


Idaho 

14. 43 

11.42 

8. 14 

17. 05 

10.80 


.59.85 


12 14 


Montana 

16 07 

12. 73 


19. 25 

10. 53 


95 44 


11 43 


New Mexico 

14. 01 

8.00 


16. 80 

16. 21 


105. 81 


13 05 


Utah 

12.02 

9.39 

7. 77 

11.92 

11.28 


30. 59 


8 92 


Washington. ...... 

19.56 

11.37 

9.67 

15.91 

20.71 


62.08 


8. 91 


WVOmina^ 


13.21 


17. 16 



71.93 


11.77 












Average — 


8.54 

0.19 

7.87 

12.00 

7.04 

34.30 

52. 61 

9.68 

13. 94 


General summary j showing the estimated quantities, number of acres, and aggre- 
gate value of the crops of the farm in 1880. 


Products. 


Indian corn bushels . 

Wheat do . . . 

Rye do . . . 

Oats do. . . 

Barley do. . . 

Buckwheat do . . . 

Ft>tatoes do... 

Total 

Tobacco pounds. 

Hay tons. 

Cotton .bales. 


Grand total 


Quantity 

produced. 

f 

Number of 
acres. 

f ^ ;■ 

Value. 

1,665,441,000 

4.57.218.000 

24. 489. 000 

624.134.000 

59.428.000 

11.869.000 

168.051.000 

75, 694, 208 
36,806, 184 
2, 129, 918 
23, 658,474 
2, 652, 957 
917,915 
2,287,136 

$610,311,000 
314,226,020 
13, 181, 330 
186, 137, 930 
31,840, 510 
6,465,120 
78,441,940 

3,010, 630,000 

144, 146,792 

1,240,603,^ 

632, 537, 000 
41,796,499 
6, 445, 864 

750, 210 
36,501,688 
18,454,603 

1 

39, 468, 218 
353,437,699 
267,295,327 


199,853,293 

1,890,805,094 



I 
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Table shawing the average yield and cash va\ue per acre, and price per unit of 

quantity of farm pi'oducts for the year 1886. 


T 

i 

1 Average 
Products. ! yield pi‘i‘ 

Average 
price 
per unit 

Average 
value per 

Products. 

Average 
yield per 

Average 
price 
per unit 

Average 
value per 



acre. 

of 

quantity. 

acre. i 


acre. 

of 

quantity. 

acre. 

Indian corn . 

. bush . . 

22.0 

$0. 366 

] 

$8.06 i 

Buckwheat .bush. . 

12.9 

$0. f>15 

$7 04 

Wheat 

..do. .. 

12.4 

.687 

8.54 1 

Potatoes do . . . 

73. 5 

. 467 

34. 30 

Rye 

. . do . . . 

11.0 

. 538 

6.10 

Tobacco lbs . . 

709.9 

.0i4 

btv, dl 

Oats 

. . do . . . 

20. 1 

. 208 

< . o< 1 

Hay tons . . 

l.L5 

8.46 

9.68 

Barley 

..do... 

22.4 

. 536 

12.00 

Cotton lbs . . 

169.5 

. .082 

13. 94 


FARM ANIMALS. 

NUMBERS. 

It was stated a year ago tliat the interest in horse-breeding was un- 
abated ; it has been greater still during the past year^ resulting in 
enlargement of numbers and enhancement of the aggregate value. N o 
class of domestic animals has increased in such proportion within the 
year. The advance averages 5 per cent, and is well distributed through 
the country, though naturally larger in the States so rapidly develop- 
ing beyond the Mississippi. It is quite marked on the Pacific coast, a 
natural result of the rapid increase of population there and develop- 
ment of industrial enterprises generally. Many persons in Ohio and 
elsewhere are giving up sheep in favor of horses. The tendency in the 
central States west of the Alleghanies is strong toward larger and 
heavier horses, suitable for draft purposes, the French breeds pre- 
dominating in the improvement. In contrast to this there is an influx 
of bronchos from Texas, and even some are bred Iw a few farmers, to 
the deterioration of the stock so far asjiracticed. These Texas ponies 
have overrun the cotton States during the past year and are bred in 
that region to a limited extent. The increase is very noticeable in the 
ranch regions of the great mountain system. Horses are found to be 
hardy there, not smothered by crowding together in a storm like sheep, 
nor drifting aimlessly like cattle, but courageously breasting the bliz- 
zards and intelligently seeking subsistence beneath the snow. 

There was also a less pronounced advance in the number of mules, 
estimated at per cent. 

The extension of cattle-growing has been normal, corresponding very 
nearly with increase of population. Though prices have been low and 
heavy losses have occurred in some of the ranch districts from cold and 
storms, often in connection with overcrowding of feeding grounds, 
there is an abiding faith in the future of the business, grass being the 
cheapest and most abundant source of beef, yielding perhaps nine- 
tenths of all that is produced in the country. Corn has a relatively 
small share in the beef -making in any country. The Northwestern 
States are giving more and more prominence to cattle, the wheat 
interest relatively declining in the older settlements. 

Milch cows are receiving rather more attention than in recent years 
in the Eastern and Middle States, and are increasing everywhere with 
the advance of population, There is some recuperation from the de- 
pression felt in cheese-making districts, New York especially, when 
prices of their products ruled sq low. 


1 


I 
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There has been a further decline in mimbers of sheep, amounting 
to between 2 and 3 pei’ cent., the aggregate number being about 
43,500,000. There has also been some change of pastures. Some of 
the Texas flock-masters have sent considerable numbers to New Mex- 
ico. There has been for several years a deportation of sheep from 
Pennsylvania to the cheaper grasses of the far West. 

The decline in sv/ine has been slight, averaging less than 1 per 
cent., leaving the aggregate over 44,000,000. The ravages of disease 
in States below the latitude of 40°, where hogs are kept in large num- 
bers, have been severe in many places. 

The total number of domestic animals of ranch and farm are thus 
stated, in comparison with the estimates of last year; 


stock. 


Horses 

Mules 

Milch cows 

Oxen and other cattle 

Sheep 

Swine 


1887. 

1888. 

Increase or 
decrease. 

12,496,744 

13, 172, 936 

+ 

676, 192 

2, 117, 141 

2,191,727 

+ 

74, 586 

14, 522, 083 

14,856,414 

+ 

334, 331 

33,511,750 

3^1, 378, 363 

+ 

866, 613 

44, 759, 314 

43, 544, 755 

-1, 

214, 5.59 

44,612, 836 

44, 346, 525 


266,311 

A 


VALUES. 

The values of farm animals, those of cattle excepted, have changed 
very little in the past year. The average for swine has advanced 
about 10 per cent. The difference in the averages for horses, mules, 
and sheep are very slight. The rise in value in horses since 1879 has 
been the most noticeable feature in farm-stock values. The highest 
prices of the inflation period were reached in 18G9, averaging $84.16, 
declining from that date to the lowest ebb of agricultural depression 
in 1879 to $52.41. The present price is nearly that of 1874, and does 
not differ much from the value of 1869 reduced to gold, showing that 
the price of horses is now relatively high, and furnishing a solid 
reason for the increase in numbers, and for the frequent expression 
of correspondents that horses and mules pay tha stock-grower better 
than any other class of animals. There is another good reason for 
the unyielding prices of horses in a time of general shrinkage of 
values, viz, the improvement in quality by thoroughbred blood, and 
especially the increase of weight by the general distribution of French 
and English draft horses. 

Cattle were highest in 1869, $25.12 in 1870, declining until 1879 to 
$15.39, then rising annually to 1884, the average being $23.52, and 
declining constantly since, standing now at $17.79. This is higher 
than at the lowest depression, and at the gold value about the same 
as at the commencement of the monetary panic of 1873. 

From 1879 to 1884 the annual estimates of prices of milch cows and 
other cattle advanced yearly, and the decline has since been uninter^ 
rupted, without exception, for either class of stock. The fall in 
milch cows has been from $26.08 to $24.65, over 5 per cent. ; and in 
oxen and other cattle from $19.79 to $17.79, a decline of 10 per cent, 
in the last year. 

In sheep, as in other stock, the annual advance was quite steady 
after 1879 and amounted to 22 per cent, in four years. From 1883 to 
' 1886 the decline was over 25 per cent., or from $2.53 to $1.01. The 
,next year's average was $2.01, and the present ‘average $2.05, or 
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nearly as much as in the depression of 1879, when prices were the 
lowest in twenty years. 

There has been an advance in the average for swine of all ages 
from $4.48 to $4.98, or 11 percent. The annual advance was con- 
tinuous from 1879 to 1883, then declining to 1886 and slightly ad- 
vancing again since. 


stock. 

1887. 

1888. 

Increase or 
decrease. 

Horses 

Mules 

$72. 15 
78.91 

71.82 
79. 78 

-$0.33 
+ .87 
- 1.43 

Milcli cows 

26.08 

24. 65 

Oxen and other cattle 

19. 79 

17. 79 

- 2.00 

Sheep 

2. 01 

2.05 

+ .04 

Swine 

4.48 

4.98 

+ .50 



An examination of the course of prices, as averaged from local re- 
turns, shows a remarkable fluctuation by gradual movement through 
periods that are sharply defined and limited by obvious causes. It 
will also give a positive impression of the general accuracy of the 
averages, so consistent with the controlling conditions in the several 
States and larger divisions of territory. The record of ten years’ 
prices is as follows: 


Years. 

Horses. 

Mules. , 

1 IMilch 
cows. 

Other 

cattle. 

Sheep. 

Swine. 

1879 

;$52. 41 

$.56. 06 

$21.73 

$15. 39 

$2.07 

$3.18 

1880 

54. 75 

61.26 

2:3.27 

16.10 

2.21 

4.28 

1881 

58.44 

69. 79 

23.95 

17. 3:3 

2.39 

4.70 

1882 -. 

.58. .52 

71.35 

25. 89 

19.89 

2.37 

5. 98 

1883 

70. 59 

79. 49 

30.21 

21.80 

2. 53 

6.75 

1884 

74. 64 

84.22 

31.37 

23. 52 

2. 37 

.5.57 

,1885 

73. 70 

82. 38 

29.70 

23. 25 

2.14 

5.02 

1886 

71.27 

79. 60 

27. 40 

21.17 

1.91 

4.25 

1887 

72.15 

78. 91 

26.08 

19.79 

2.01 

4, 48 

1888 

71.82 

79.78 

24.65 

17.79 

2.05 

4. 98 


The comparison of aggregate values with those of last year shows 
an increased valuation of over $8,000,000, cattle and sheep only show- 
ing decrease, while horses, mules, and swine have an increased val- 
. nation : 


Stock. 

1887. 

1888. 

Increase or 
decrease. 

Horses 

$901,68.5,755 
167,4).57, 538 
1 378, 789. 589 

663, 137, 926 
89, 8?'2, 839 
200, 043, 291 

$946,096,154 
174,853,563 
366, 252, 173 
611,750,520 
89,279,026 
220, 811,082 

+$44,410,399 
+ 7,796,025 

— 12,537,416 

— 51,387,406 

— 592 , 913 
+ 20,767,791 

Mules 

1Vrilr*.h r*r»ws 

Oxen and other cattle 

Sheen 

Swine 

Total . 

2.400. 586.938 

2.409.043.418 

+ 8,456,480 




V 



/ 


566 , REPORT OF THE COMMISSIOISTER OF AOMCULTFFE. 

It is believed that the stock interests of the United States are in a 
comparatively prosperous condition, with a prospect of advance in 
prices, of cattle especially. It may not be safe to say that the lowest 
ebb in the movement of prices has been reached, but there are indi- 
cations of early advance, if no monetary crisis or business convul- 
sion should intervene, of which there are no immediate indications. 
An interest that represents $2,400,000,000, and including horses and 
other animals in cities, not far from $3, 000, 000, 000, is one of the very 
first agricultural importance, that demands the most intelligent en- 
deavor of farmers to obtain the largest possible annual income from 
such an investment at the lowest possible cost. 


Table slioioin>i tiie estimated nuuiber and value of animals on farms January 1, 

1888. 


States and Territories. 

Horses. 

Mules. 

Number. 

Average 

price. 

Value. 

Number. 

Average 

price. 

Value. 

Mn.inf* 

94, 857 
49, 878 
84, 841 
65, 194 
10, 055 
49 381 

S91.07 
86.18 
84,22 
107. 61 
105. 13 
100 77 

S8, 638, 353 
4, 298, 244 
7, 145, 111 
7, 015, 576 
1,057,126 
4, 976, 036 



TTn.m'nsViirp. . . 




Vermont 




IVTflR^^anlinsRth.^s 




Tf.hnrlp TslmiTl 




Connecticut 




New York 

674, 018 

96.98 

65; 365,' 391 

5,210 

$106. 02 

$552, 366 

New Jersey 

94, 397 

105. 46 

9, 955, 374 

9,501 

118. 99 

1,130,482 

V Pennsylvania 

594, 972 

93.71 

55, 757, 103 

24, 143 

109. 35 

2, 640, 083 

Delaw re 

23, 000 

94. 75 

2, 179, 250 

4, 102 

116.23 

476, 787 

Maryland 

130, 316 

86.00 

11,207,590 

13, 625 

108. 35 

1,476,294 

Virginia 

243, 319 

70.89 

17, 249, 636 

35, 726 

87. 36 

3,121,130 

North Carolina 

149,708 

74. .59 

11,167,289 

89,945 

84. 13 

7,567,056 

South Carolina 

65,906 

90. 05 

5,940, 100 

75, 451 

95. 51 

7, 206, 052 

Georgia 

110,060 

83.62 

9, 203, 499 

149, 654 

96.27 

14,407,417 

Florida 

32, 743 

80.87 

2,647,961 

12,496 

96,02 

1,199,895 

Alabama 

130, 853 

82.54 

10, 800, 825 

137, 695 

87.01 

11,980,525 

Mississippi 

134, 065 

71.95 

9, 645, 784 

159, 548 

87. 68 

13,988,374 

Louisiana 

119, 810 

57. 15 

6,847,597 

84,478 

88. 46 

7,472,811 

Texas 

1,225,803 

31.09 

38, 115, 135 

193, 488 

51.85 

10, 032, 254 

Arkansas 

179, 955 

59.34 

10, 678, 480 

122, 457 

74. 02 

9, 063, 660 

Tennessee 

300, 264 

68.92 

20, 693, 234 

194, 771 

73.09 

14, 236, 061 

West Virginia 

138, 281 

66.62 

9, 212, 076 

6, 475 

^3. 70 

47'7, 2.23 

Kentucky 

390, 733 

72. 30 

28, 250, 002 

162, 285 

71 -97 

11,680.018 

Ohio 

723, 156 

87.30 

63,132,673 

24,724 

89. 42 

2, 210, 795 

Michigan 

458, 913 

91.80 

42, 126,410 

6, 035 

103. 82 

626, 572 

Indiana 

641,716 

81.09 

52, 039, 460 

54, 382 

34. 32 

4, .585, 456 

Illinois 

1,069,839 

77. 25 

82, 649, C87 

115,661 

83.73 

9,684,515 

’"Wisconsin 

412, 687 

78.01 

32,441,-507 

7,930 

90.34 

716, 424 

Minnesota 

379, 489 

82.86 

31,445,299 

10, 969 

94. 30 

1,034,415 

Iowa 

1,003,022 

73. 81 

74,032,082 

45,649 

86.23 

3, 936, 540 

Missouri 

782, 104 

57. 59 

45, 040, 996 

225, 563 

66. .59 

15,019,534 

Kansas 

634; 893 

67. 34 

42, 754, 975 

86,104 

8;3,32 

7, 173, '954 

Nebraska 

412, 980 

75.82 

•31,311,968 

41,165 

90. 40 

3,721,363 

California 

307', 004 

71.00 

21,797,255 

38, 8.24 

85.03 

3,301,389 

Oregon 

177, 842 

49. 90 

8, 874, 804 

3, 155 

68.38 

215,739 

Nevada 

45,547 

51.43 

2.342,496 

2,154 

75.49 

162.602 

Colorado 

127,483 

58. 34 

7, 437, 086 

8,247 

92. 12 

759, 697 

Arizona 

lO; 267 

49.00 

503, 083 

1,882 

72.00 

135,604 

Dakota — , 

247; 459 

76. 21 

18, 858, 156 

12, 323 

97. 89 

1,200,340 

Idaho 

102, ^75 

50. 00 

5,118,C50 

1,705 

65.00 

110,825 

Montana 

187,344 

50, 96 

9, 547, 985 

537 

63. 53 

351,746 

,New Mexico 

40, 533 

34.46 

1,396,768 

10, 803 

61.33 

662,504 

Utah 

120; 692 

40. 65 

4, 906, 026 

3,686 

54.71 

201,668 

Washington 

96, 122 

61.96 

5, 955, 637 

1,243 

80. 07 

99, 529 

‘ Wyoming 

99,000 

43.80 

4, 336, 279 

2, 9-36 

77.64 

227,964 

Total 

13, 172, 936 

QO 

946,096,154 

2,191,727 

79. 78 

174,853,563 


\ 
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Table showing the estimated number and value of animals on farms, etc. — 09 ixt’d. 


i ei I'ltories. 


Milch cows. 


Oxen and other cattle. 


Number, Value. Number. Value. 


Maine 

New Hampshire . 
Vermont . ...... 

Ma.ssachusetts . . 

Rhode Island 

Connecticut 

New V ork 

New Jei\sey 

Pennsylvania . . . 

Delaware 

Maryland 

Virginia 

North Carolina. . 
South Carolina . . 

Georgia 

Florida 

Alabama . . 

Missis.sii > I w 

Louisian. I 

Texas 

Arkansas 

Tennessee 

West Virginia. . . 

Kentucky 

Ohio 

Michigan 

Indiana 

Rlinols 

Wisconsin 

Minnesota 

Iowa 

Missouri 

Kansas 

Nebraska . 

California '. . 


Oregon 

Nevada 

Colorado 

Arizona 

Dakota 

Idaho 

Montana 

New Mekico 

Utah 

Washington 

Wyoming 

Indian Territory 


167, o07 
99,021 
225, 552 
180, 3i9 

O*. jO 

127, 153 
1, 540, 053 
178, 1 14 
929, 371 
28, 683 
135,021 
257, 793 
iM3, 758 
146, 195 
337. 603 
52, 822 
290,787 
285,904 
162, (V19 
772, 710 
304,404 
339, 572 
171,273 
313, 9.53 
783, 481 
437, 303 
503, 961 
937, 476 
548, 222 
433, 966 
1,255,432 
737, 259 
640, 081 
357, 202 
250, 773 
78, 997 
18,037 
63, 023 
16.298 


;29.00 

S4, 8.57, 703 

185, 160 

30.50 

3,020, 141 

111,670 

28. 7'0 ' 

6, 473. 312 

180. 302 

34. 17 

6, 161,500 

105, 023 

3.5. 75 

818,067 

13,154 

‘.>0 ''"'j 
*jO. i -1 

286, 3^28 

109,920 

30. 50 

40,971,617 

851.128 

35. 92 

6, 397. 855 

68, 541 

60 

26. ,5s0. Oil 

807. 059 

30. 00 

8u0; 490 

27', 137 

28. 25 

3, 814, 343 

138, 182 

21.50 

5, 542, 5.50 

421, 701 

16.00 1 

3, 900, 128 

419. 383 


19.00 

17.00 
16.32 

15.40 
15. 55 

16.30 

14.20 
14. 63 

19. 75 
24.07 

24. 30 

29.20 

29.00 ! 
27. 75 
20.50 I 
23.83 I 

23.75 j 

23.30 I 
20.25 ! 

22.41 ' 

25.00 1 
33. (X) ' 
29, 6 • i 

35.00 

37.21 ‘ 
37.20 ; 


2, 777, 705 
5, 739, 251 
862, 055 
4 , 570, 520 
4 , 445. 807 
2, 051, 179 
10, 972, 567 
4, 4.5v3, 4;31 
0,706,. 547 
4, 122, 541 
7, (kXk 058 
2.2, 877', VA5 
12,681,787 
15. 455, 068 
24; 843, 114 
13.064,130 
10, 306. 693 
;;9..251,,566 
14. 929, 495 
14,344,215 
9, 108, 651 
8,275,509 
2, 338, 311 
631,J395 
2, 345, 086 
606, 280 


Total 14, 856, 414 


223,418 

21.67 . 

4 , 841,468 

26, 458 

26.67 * 

705, 635 

31,132 

28.40 

834, 149 

19,394 

23.75 

460, 608 

4?, 878 

25. 25 

1,259,420 

65, 523 

33. 30 

2,181,916 

6, 994 

35. 00 

244, 790 

856, 414 

24.65 

i 

1 

son, 252, 173 


Sheep. 



212,521 
598, 656 
.576, 912 
445, 139 
428, 909 
27'0, 816 
6, 336, 504 
469, 057 
461,239 
280, 892 
.529, 018 
967, 540 
511,406 
894, 344 
1,485,754 
640, 7.52 
489. 886 
2,095.253 
1,429,453 
1,583,915 
1,079,646 
692, 267 
598. 218 
323,400 
1,049,353 

420.000 
767, 809 
424,316 
934. 500 

1, 257, 597 

435.000 
300. 67'6 

1,230,192 
620, 937 


827. 51 093, 108 

29.94 4,241,119 

28. 05 5, 0.59, 693 

C8. 47' 2, 990, 105 

32. 27 424, 463 

31.24 3,434,104 

31.92 27,164,603 

32.35 2,217,467 

26. 09 22, 620, 106 

28.00 759,835 

24.18 3,340,798 

17.37 7.360,725 

10. 99 4 ; 607, 133 

12.48 2,651,835 

11.01 6,588,93(4 

8.56 4,941,078 

9. 41 4, 187, 825 

9.48 4,064,000 

11.33 3,069,187 

9.95 63,077,993 

9.81 4,603,415 

12.61 5,815,073 

18.50 5,196,913 

21.24 11,2;I7,676 

25.60 24,766,690 

25.10 12,865,948 

22. 44 20, 060, 941 

22.23 33,029,792 

20. 97 13, 438, 163 

20. 36 9, 974, 076 

20. 35 42, 033, 795 

18. 24 26, 077, 367 

20.37 32,271,946 

21.08 22,763,690 

20. 50 14, 194, 447 

20. 35 12, 172, 122 

18.00 5,819,648 

19.93 20,918,327 

18.00 7,560,000 

21 . 73 16, 087, 171 

18. 75 7, 955, 925 

19.21 17,948,007 

15.0-1 18,911,121 

16. 70 7, 292, 733 

23.48 7,060,177 

19. 11 23,504,663 

14. .50 9, 090, 587 

17.79 611,750,520 


Hogs. 


States and Territories. 


Number, i Value. Number, Value. 


Maine 

New Hampshire 

Vermont 

Massachusetts 
Rhode Island . . . 
Connecticut 


New Jersey . . . 
Pennsylvania . 

Delaware 

Maiyland 

Virginia 

North Carolina 
South Carolina 

Georgia 

Florida ...... . 

Alabama 

JVTississll)pi .... 

Louisiana 

Texas 


547,725 1 

$5.01 

$1,645,814 

73, 188 

$9.13 

. 205,023 1 

2.88 

610, 868 

54, 399 

10. 93 

393,301 ' 

2. 85 

1,120,279 

76, 353 

8.02 

02,637 ! 

i. 30 

206, 702 

65,314 

10.30 

20, 852 

3.81 

78, 488 

13, 261 

8. 50 

19, 199 

3.81 

187, 517 

61,776 

8.09 

1,. 564, 067 

8.46 

6,415,582 

686, .390 

8.45 

105. 276 

3.70 

389, 100 

191,818 

9.19 

934, 891 

2. 80 

2,7.56,119 

1,027,477 

8.03 

22,294 

3.27 

72, 790 

42, 654 

6.80 

IGO, 254 

3. 35 

537, 171 

281,397 

6.24 

444. 741 

2.42 

1,078,0.53 

811,362 

4.34 

427, 560 

1.36 

581 , 0.54 

1,266,438 

3.53 

107, 334 

1.72 

184, 400 

5.50. 166 

3.92 

442, 274 

1..50 

664, 826 

1, 534, 189 

3.17 

92, 888 

1.96 

182, 061 

307,051 

2. 05 

310, 622 

1.46 

453, 135 

1.376,148 

3.39 

247,8.30 i 

1.57 

390, 332 

1'; 226,689 

3.10 

113,965 1 

1.64 

186,891 

573, 821 

8.08 

4 , 523,739 ! 

1.52 

0 , 864,774 

2 , 279,082 

2.82 
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Table showing the estimated number and value of animals onfav'pis, etc. Cont d 






Sheep. 


Hogs. 

States and Territories. 

Number. 

Average 

price. 

Value. 

Nmnber. 

Average 

price. 

Value. 

A 

220, 167 

$1.41 

$310, 127 

1,538,360 

$2.56 

$3,938,202 
6, 774, 825 
1,819,744 

Tennessee 

516; 594 
474, 933 
797, 998 

1.61 

832, 440 

1, 853, 070 

3. 66 



2. 26 

1,073,824 

432, 778 

4.20 

IfeiituckT 

2. 43 

1,936,741 

1,718, 173 

4. 27 

7. 329, 727 

15 ; 261, 021 

5, 789, too 
14, 082. 349 
20,08t,4l>8 
6,76 ,798 
3,2.54,775 
27, 969, 624 
15,043,246 
13, 457,409 
13,541,813 
4, 836, 00 s 
664, 819 

111.846 
153, 103 

94, 536 
3, 173,918 
252, 900 
150, 898 
n2,4J30 

286. 846 
455, 997 

17,358 
2, 103,750 

Dhirt - 

4, 106, 62,2 

2.61 

10.714,177 

2, 068, 384 

5. ?2 

Micliigsui 

Indiana 

2 ; IIS', 004 
1,006,068 

2. 72 
2. ^5 

5, 743, 990 
2,553,611 

906, 255 
2,371.0a5 

b. 39 
5.14 

Illinois 

814, 177 

2. 49 

2, 026, 894 

3, 102, 945 

6. 4( 

Wisconsin 

911,662 

2. 15 

1,962,261 

1,123,866 

5. 02 



283, 725 

2.3:i 

674, 698 

549, 793 

5 92 

Iowa 

408, 478 

2.41 

985, 249 

4, 148, 811 

C. 74 

Missouri 

1,087; 690 
8160, 169 

1.74 

1,894,973 

3, 798, 799 

3,96 

Xap.sas 

1.76 

1,457,558 

2, 377, 561 

5. 66 

'N’p.nrflsilffl. 

422,112 

2.02 

a52, 456 

2, 334, 525 

5.72 

California 

5, 462; 728 
2, 930, 123 
660. 996 

1.88 

10,291,779 

l,04ii',S42 

4. 62 

Ore con 

1.70 

4, 987, 069 

220,723 

3.01 

I'Jevfi.flA 

1.91 

1,259,660 

21,087 

5. 30 

Colorado 

1, 137, G86 
658, 561 

1.93 

2, 237, 169 

23, 419 

6. 54 

Arizo^^a 

1.7* 

1.152,482 

16, 441 

c. 75 

DOillOtcL 

209, 019 

2.60 

700, 526 

533, 970 

5. 94 

Idaho 

312.408 

2.05 

640, 436 

42, 150 

6. 0 

Montana 

l,26o,(KX) 

2.10 

2, 658, 398 

22, 289 

6.77 

tJpiw MGvii'.n 

3,623. m 
.1.335, out) 

1.09 

3, 953, 239 

19, 941 

5, 64 

Utah 

1.94 

2, 594,172 

40,118 

7. 15 

Washington 

54.9. 8; n 5 

1.94 

1,068,976 

91,054 

5 01 

W^vominc 

523, 340 

2.08 

1,089,865 

2, 613 

b. 64 

Indian Territory 





841,500 

2. 50 

Total 

43,544,755 

2. 05 

89, 279, 920 

44, 340, 525 

4.98 

220,811,082 








SWINE PEODUCT3 AND EXPORTS. 


The prominence of .maize in this country has given a remarkable 
(^ 0 Y 0 |Qpi][iGnt to the breeding oii s vviiie. J?he estimated nnmbeis at 
present are near 44,000,000, or about 73 to every 100 of our popula- 
tion. It has sometimes been 80, but the exportation is less than 
ei^'^ht or ten years ago, and fat animals are turned off at an earlier 
age, making more animals slaughtered in proportion to total num- 
bers at a given time. It is probable that the aggregate slaughreied 
in the Western porking establishments, in commercial packing else- 
where, and by the farmers in all parts of the country anioun-.s to 
about 29,000,000 per annum. The number slaughtered in the van- 
ous packing establishments are thus reported by Mr. Charles • . 
Murray, of Cincinnati : 



1 

1887-’88. 

188&^’87. 


11,532.707 

12,083,012 

1,016,361 


1 , 185, 032 


423, 950 
560,498 
80, 077 
225,0!.»0 
2, 598,903 

430*, 3 

473,901 

Hulialo, Aioany, ana 


395,600 

2,904,691 



16,615,257 

17, 303, 228 


The average exportation of our swine products has been about 15 
ler cent, of our production for twenty-seven years past. It has ®i " 

ged about 2,800,000 hogs, or 500,000,000 pounds, if we allow 200 


\ 
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Diagram F. 
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pounds of cured product to each^ which is probably an approximate 
iigiire. The trade is almost as old as the country, and has increased 
as folioYv^s since 1820: 


Value by decades of hog products exported. 


Decades. 

Value. 

Decades. 

Value. 

1821-’o0, 

$15, 077, 898 
16,821,741 
49, 902, 8J38 

1851 ’60 

$90, 439. 424 
213, 965; 715 
651,3fl4,976 

IHSI-’IO . 

18Gl-’70 

Iu41- ’50 

1871 ’80 




The value of hog products exported (live hogs, bacon and hams, 
pork and lard), 188\-87, is $515,701,246, or an average of $73,671,607 
per annum, against $65,136,498 per annum in the previous decade. 

Diagram F presents a view of the progress of exportation of bacon, 
hams, pork, and lard, on the basis of quantity, according to the fol- 
lo vdng statement: 


Quantities of hog products exported. 



1 

live hogs. 

Bacon and hams. 

1 Lard. 

Pork. 

Years ended 

1 

i 







June 30 — 


Price 


Price 


Price 


Price 


Number. 

i^er 

Pounds. 

per 

Pounds. 

per 

Pounds. 

per 

' 

1 

1 

head. 


pound. 


pound. 


pound. 

1 

1 

1 



Cents. 


Cents. 

- 

Cents. 

.1861 

463 

$7.06 

50, 264, 267 

9.6 

47,908,911 

9.9 

31,297,400 

8.3 

1882 ...... 

3, 306 

7. 13 

141,212, 786 

7.3 

118, 573,307 

8.4 

61,820,400 

6.4 

1863 

9,467 

10. 18 

218,243,609 

8.5 

155, 336, 596 

10.1 

65, 570, 300 

6.6 

1884 

9.199 

9.45 

110,886,446 

11.1 

97, 190,765 

11.6 

63, 519, 400 

9.2 

1SC.5 

1,400 

9, 12 

45, 990, 712 

22.9 

44, 342, 295 

20.5 

41,710,200 

16.4 

1866 

931 

16. 25 

37, saS, 930 

16.7 

.30, no, 451 

19.8 

30, 056, 788 

15.9 

1807 

3, 577 

11.21 

25, 648, 226 

12.8 

45, 608, 031 

14.5 

27, 374, 877 

13.1 

1868 

1,399 

13. 19 

43,659,064 

12.5 

64, 555, 462 

14.6 

28,690,133 

11.4 

1869* 



49, 228, 165 

1,5.2 

41,887,545 

17.8 

24,439,832 

14.2 

1870 

12,058 

15.74 

38, 908, 256 

15.7 

35 ; 808; 530 

16.6 

24 ; 639; 831 

13.0 

1371 

8,770 

7.00 

71,446,854 

11.4 

80 037, 297 

13.2 

39,250,750 

11.0 

1,372 

56,110 

9.77 

246, 208, 143 

8.6 

199, 651, 660 

10.1 

57, 169, 518 

7.2 

1873 

99, 720 

7.90 

395,381,737 

8.9 

230, 534, 207 

9.2 

64,147,461 

7.8 

1874 

158, .581 

10.25 

Mr, 405, 405 

9.6 

205, 527, 471 

9.4 

70,482,379 

8.2 

1875 

61, 979 

11.38 

250, 286, 549 

11.4 

166,869,393 

13.7 

56, 152, 331 

10.1 

1876 

68,ai4 

9.85 

327, 730, 172 

12.1 

168, 405, 839 

13.3 

54,195,118 

10.6 

1877 

65, 107 

10.74 

460, 057, 146 

10.8 

234,741,233 

10.9 

69,671,894 

9.0 

1878 . . . : 

29,284 

9.13 

592, 814, 351 

8.7 

342, 667, 920 

8.8 

71,889,255 

6.8 

1879 

75, 129 

9.32 

732, 249, 576 

7.0 

326, 658, 686 

7.0 

84,401,676 

5.7 

1880 

83, 434 

5.05 

769, 773, 109 

0.7 

374, 979,286 

7.4 

95, 949, 780 

6.2 

1881 

77, 456 

7.39 

746, 944, 545 

8.2 

378, 142, 496 

9.3 

107,928,080 

7.7 

1882 

36, 368 

14.01 

468, 026, 640 

10.0 

250, 367, 740 

11.6 

80, 447, 466 

9.0 

i8a3 

16, 129 

16.90 

340, 258, 670 

11.2 

224,718,474 

11.8 

62,116,302 

■ 10.0 

1884 

46,382 

13. 53 

389, 499, 368 

10.2 

26.5,094^719 

9. 5 

[ +60, 363, 313 

7.9 

1885 

55,025 

10.5<3 

400, 127, 119 

9.3 

283, 216, 339 

8.0 

+71,649.365 

T.2 

1886 

74, 187 

9.09 

419,788,796 

7.5 

293, 728, 019 

6.9 

^87, 196. 9 6 

5.9 

1887 

75,383 

7. 49 

419, 922, 955 

7.9 

321,533,746 

7.1 

l!85, 860, 367' 

G. 6 

Total 

1,131,908 


8,029,611,596 

■ • - • * ^ - 

5, 028, 196, 418 


1,618,000,188 



* Animals not separately enumerated in 1869. 
tNot including 185,417 pounds of fresh pork. 
tNot including 424,103 pounds of fresh pork. 
§Not including 70,749 pounds of fresh pork. 
IINot including 23,930 pjounds of fresh pork. 
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THE] WORLD'S WHEAT SURPLUS. 

Buyers and sellers of wheat are in continual doubt and difficulty 
as to the effect of good and bad crops and ' increase or decrease of 
area. It has more than once happened that prices have been high 
when our crop has been large, and low when the product has been 
small. The cause is no mystery; the law of supply and demand has 
not been violated, but price has conformed strictly to the supply of 
the world. Hence the size of our own crop is of no especial conse- 
quence except as a factor of the aggregate supply. This country 
produces more than one-fifth of the wheat of the world ; Europe 
more than half, and the entire deficiency of the world, not mention- 
ing unconsidered trifles which commerce carries to a few wheat- 
eating people in distant ports, is found in w^estern Europe, mostly 
in Great Britain. 

An analysis of the official statistics of Great Britain shows where 
needed wheat has been obtained, and in what proportion each coun- 
try is a factor. It will perhaps surprise many to learn that for this 
period, from 1872 to 1884, inclusive, the United States has furnished 
in grain and flour 51.1 per cent., more than one-half of the whole, 
and for the sixteenth year, 1887, the proportion has increased to 62. f 
per cent. Russia in fifteen years averaged 13. 6 per cent, of the whole, 
and for the year 1887 only 7. 1 per cent. India contributed an aver- 
age of 7.9 per cent., and for the year closing 10.9 per cent., which is 
the smallest percentage in the last five years, and a very sharp de- 
cline from the previous year in absolute quantity. Australasia is 
quite fluctuating in its contribution, averaging 3.9 per cent, for fif- 
teen years and 1.7 per cent, the sixteenth, sending less than a million 
hundredweights one year and five millions another season. These 
three competitors of the United States have together furnished only 
25.4 per cent,, less than half as much, during fifteen years, and a 
much smaller proportion the past year. 

The following table shows the proportion sent by the four main 
sources of supply, the remainder, though aggregating nearly as much 
• as Russia, India, and Australasia together, gathered from many 
countries of Europe, Asia, Africa, and the Americas : 


Years. 

United 

States. 

British 

India. 

Eusftia. 

Australa- 

sia. 

All other 
countries. 

1 

1 Total, 


Cwt. 

Cwt. 

Cvjt. 

Cwt. 

Cwt. 

Cwt. 

1872 

9,634,349 

161,915 

17, 938, 977 

556, 180 

19,321,475 

47,612,896 

1»73 

21,775,110 

741,350 

9,693,997 

2,091,504 

17, 329, 236 

51,631,197 

1874 

27,206,052 

1,074,3^ 

5, 798, 976 

1,156,599 

14,086,676 

49, 322 ; 693 

1875 

26, 372, 151 

1,334,374 

10,157,847 

1,265,747 

20,416,502 

59,546,621 

1876 

22,223,403 

3,296,575 

8,911,788 

2,842,200 

14, 630, 467 

51,904,433 

1877 

23,594,005 

6, 106, 079 

11,003,917 

451,102 

22, 336. 326 

63,491,429 

1878 

33, 588, 160 

1,820,681 

9,150,151 

1,561,000 

I3,571,3a5 

59,691,583 

1879 

44,619,619 

889,531 

8,117,485 

2,294,653 

17,080,822 

73,002,110 

1880 

44, 783, 100 

3,230 144 

2, 963, 759 

4,613,353 

12,869,458 

68, 459, 814 

1881 

45, 699, 950 

7,338,751 

4, 099, 072 

3, 314, 540 

10,891,41 ! 

71,344,659 

1882 .... 

4^1, 888, 181 

8,46il.710 

9, 679, 941 

3, 086, 288 

14,444,377 ! 

1 80, 502, .503 

1883 

40, 216, 835 

11,248,088 

13, 448, 368 

2,790,152 

16,845,928 ! 

84,550,271 

1884 

35, 561, 652 

7, 980, 981 

5,520,450 

5, 369, 358 

11,742, 841 

66, 175,282 

1885 

38, 937, 731 

12,175,260 

12,082,391 

5, 443, 588 

12, 650, 948 

81,289,918 

1886 

38, 930, 145 

11, 027, 143 

3,748,925 

829, 504 

11,261,979 

65,797,756 

Total 

498,030,449 

76, 890, 078 

132,316,944 

37, 665, 834 

229,479,860 

974, 383, 165 

Percentages 

51.1 

7.9 

13.0 

3.9 

23.5 I 

1 
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Diagram G. 




Years. 
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The actual quantity imported by Great Britain averages 121,256^ 572 
bushels per annum for fifteen years (counting bushels at 60 pounds), 
of which the United States has contributed 929,65,6,838 bushels, or an 
average of 61,977,122 bushels annually. Stated in bushels, for other 
countries, the record is: 


Countries. 

In fifteen years. 

Average. 

United States 

Btishels. 

929, 6.515, 838 
246,991,629 
143, 528, 146 
70, 309, 557 
428, 362, 405 

Bushels. 

61 , 977, 122 
16, 466, 109 
9, 568, 543 
4, 687, 304 
28, 557, 494 

Ru^ia . . . ; 

Australasia 

other countries ! 

Total 1 

1,818,848,575 

121,256,572 


Diagram G shows the total importation into Great Britain, and 
the relative proportions supplied by theU nited States, Russia, India, 
and Australasia during fifteen years. 

The share contributed by Russia has been very variable. It was 
largest in the first year of the fifteen, and ranges from 3,000,000 to 
18,000,000 hundredweight. It has recently been less than in former 
years. 

The increased receipts from India since 1882 have given false im- 
pressions of the importance of competition from that quarter. The 
commercial press has become especially excited over the temporary 
movement which has already been retarded for lack of expo id wheat. 
Three or four years ago there was a small increase of acreage, a 
million or two above the normal 26,000,000 which had been seeded 
from time immemorial, which has already been partly given up. 

There is small prospect of increased exportation for India except' 
by slow degrees, and subject to frequent lapses by reason of poor 
crop years. The natives still work for a few cents per day, plow 
with a stick, thrash in the primitive fashion, and market dirt and 
seeds of weeds with the grain. *The habits and prejudices of cen- 
turies still cling to them. Their food is still rice and millets, and 
few of them know the taste of wheat. In numbers four times as 
many as the people of this country, they have less than 27,000,000 acres 
in wheat, which is eaten mainly by Europeans in India. Under pres- 
ent conditions there is little land to spare for extension of ^ wheat 
culture. It could be done by infusing occidental progressiveness 
into beings steeped in oriental inertia from time immemorial, teach- 
ing them a new agriculture, training them in the use of modern im- 
plements, and doubling the products of agricultural cultivation, thus 
releasing lands for new industries. These changes, if sudden, 
would be miracles. There is scarcely a people on the face of th<^ 
globe less likely to change their industrial status suddenly. 

The official estimates of India show that in Bombay there was 
some increase in 1884, and in Central India and Hyderabad in the 
native states. JSTot only has this tendency been arrested, but a de- 
cline has occurred in the heart of the ITorthwestern Provinces and 
Oude and in Punjab. The following statement shows the movement 
of. wheat-growing in India: 
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1 

1878-79. 

1883-’84. 

1884-’85. 

1886-’36. ' 

1886-’87. 

^ ' PROVINCES. 

Bengal 

Nort v/e, stern Pro vinces and Oude 

Pmiiao 

Centra: Pi-oviiices 

Berar 

1,000,0 0 
0, 659, 343 
6, 909, 702 
3, 143, 302 
612,256 
1,482,804 

*8.50, 000 

5.186.000 

7.209.000 

3. 736. 000 
97 0, 000 

2. 24.5. 000 

850.000 

5.298.000 

7.382.000 
3, 7(X), 000 

819.000 
43, 158,000 

850.000 

5. 240. 000 
6, 970, 600 

3. 903. 000 

809.000 
42,970,000 

1,009,335 
4,902,942 
5,943,400 
4,297,949 
933, 9148 
42,860,454 

Pombay (including: Btiroda) 

Total 

NATIVE STATES. 

Rajuutaiia 

19,812,407 

20,196,000 

21,207,000 

20,742,600 

20,008,018 


2,500,000 
2, 500, 000 

750.000 
20,000 

500.000 

2.250.000 

3. 500. 000 

750.000 
21,740 

500.000 

1.500.000 

3. 500. 000 

1.144.000 
20,000 

500,000 

1,562,309 

3,500#)0 

1,156,229 

8,928 

500,000 

Central India 


Hyderabaci 


Mysore 


Kashmir 


Total 

Grand total 


6,000,000 

t6, 270, 000 

§7,021,740 

6, 664, 000 

6,727,406 

25, 812, 407 

426,466,000 

28,228,740 

27,394,000 

26,735,484 


♦Supposed normal area. 

t including native states (besides Baroda) under control of the government of Bombay, estimated 
in 1885-‘8C at 603,254 acres for three years past, 
t Given in 1884-’85 as the supposed normal area. 

§ These items foot up 200,000 acres more than the totals given in the official document. 


As to tlie production, Dr. Forbes Watson, in 1879, in an elaborate 
official quarto, estimated the annual product at 40,000,000 quarters, or 
320,000,000 busbels, and including tlie native states, 380,000,000 
bushels in India. If there was ever so large a product in India, there 
certainly has not been in recent years. The official estimates of four 
years are as follows: 


Bushels. 

1883- ’84 251,690,880' 

1884- ’85 299,155,584 

1885- ’86 258, 317, 632 

1886- ’87 238, 585, 947 


Average 261, 937, 511 

The ordinary yield is little more than 9 bushels per acre; 11 bushels 
per acre is an extreme rate of yield. The average is about three- 
fourths of our average rate of yield. Comparing the average annual 
exports of India for ten years with those of the United States, the 
following statement is made: 



Bushels. 

Per cent. 

India 

24,521,050 

136,666,032 

9.0 

United States 

31.3 



Our exports are nearly six times as much as those of India, and 
almost a third of the total product, while India exported only one- 
eleventh of her production. 
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COMPARATIVE PRODUCTION AND EXPORTATION. 


J&63. 


IGS^. 


1665. 


2686. 



\1862’-3. 


U883-4. 


1884-S. 


Mees-G. 


In-dia. 



The exports from India, as given officially for two decades, are as 
follows: 


Years. 

Bushels. 

Value. 

Value 

per 

bushel. 

1868 

558, 852 

$493,015 

$0.88 

1869 

514, 231 

480, 616 

.93 

1870 

145, 988 

160,225 

1.10 

18^1 

463, 908 

505, 303 

1.09 

1872 

1,189,251 

1,146,766 

.96 

1873 

735, 485 

816, 063 

1.11 

1874 

3,277, 81 

4, 027, 545 

1.23 

1875 

2, 004, 156 

2,391,646 

1.19 

1876 

4, 686, 767 

4, 410, 660 

.94 

1877 

10,428,327 

9,526,855 

.91 


Years. 

Bushels. 

Value. 

Value 

per 

bushel. 

1878 

11,896,580 
1,972,544 
4, 109, 495 
13, 896, 167 
37, 148, 543 
26, 495, 024 
39,202, 636 
29,588,311 
39, 328, 658 
41,588,250 

$13, 985, 177 
2,531,252 

$1.17 
1 28 

1879 

1880 

5, 471, 245 

1.33 

1881 

15, 952, 105 
43, 163, 723 
29, 631, 213 
43,291,464 
30, 736, 902 
38, 9.57, 913 
41,977,826 

1. 15 

1882 

1. 16 

1883 ... 

1 12 

1884 

1. 10 

1885 

1.04 

1886 

.99 

1887 

*1.01 


* This price is the average for the greater part of the year. 


The product of the year ended March 31, 1888, may be a little larger 
than the previous crop, and may possibly prove to be nearly an av- 
erage crop. 

In South America, the Argentine Republic especially, there is an 
immense area of land suited to wheat culture. It has been a pas- 
toral country, but European immigration is extending arable culture 
rapidly. The total area in crops was estimated in the spring of 1887 
at 5,262,600 acres, an increase of 23 per cent, in three years. Of this, 
2,112,600 were in wheat, producing nearly 20,000,000 bushels, of 
which about half was available for exportation. Should immigra- 
tion continue, wheat culture will be rapidly extended, and much the 
larger portion of the product be exported. It would be far easier 
to supply the entire European deficiency from South America than 
from India, if it is to be accomplished by European stimulation of 
the industry. Chili has a small but steady export trade in wheat. 

Australasia is now less prominent in this trade than South America. 
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SURPLUS PRODUCTS OF AMERICAJ^^ AGRICULTURE. 

There is no country in the world which furnishes an agricultural 
surplus at all comparable with that of the United States, and none 
with a surplus in such proportion to its production. In fact, it is 
rarely the case that a country has any excess above consumption, 
except in occasional crops or in years of exceptional abundance. 
That this country should regularly have a surplus of not less than 
10 per cent, of the value of ^1 its immense production, after supply- 
ing with profuse liberality the wants of 60,000,000 people, is a mat- 
ter of surprise and wonder elsewhere. It is more noticeable from the 
large proportion of certain crops that can be exported, notably cot- 
ton and tobacco, amounting to two-thirds of the former and half of 
the latter. Of provisions, pork products have always been abund- 
ant for export, and cheese has been largely exported since the rise of 
associated cheese-making. The beef exportation was not known a 
dozen years ago, except in the salted forms. These articles consti- 
tute nearly all of our agricultural surplus; other items are numer- 
ous, but small in detail and in the aggregate. 

The agricultural ;production of the country includes all that is 
grown in the temperate climates of the world, and a great varierfcy 
of subtropical products. The variety is increasing as the Depart- 
ment of Agriculture and enterprising individuals introduce new 
plants and animals as foundations of new rural industries. 

The census has never attempted to enumerate and value all these 
forms of production. This Department has attempted to indicate 
approximately the quantities or values of such products, but has not 
exhausted the investigation. The following table is given as a tenta- 
tive estimate of farm values of the products and exports of agri- 
culture : 


Value of products of American agriculture in 1886, and of the proportion exported 

in the fiscal year 1886-’87. 


Products. 

Production 
(farm value). 

Exportation 
(farm value). 

Per 

cent. 

/ 

Breadstuffs : 

Com 

1610,311,000 
314, 2a6, 020 
186, 137, 930 
31,840, 510 
13,181,380 
6,465,120 
5, 000, 000 . 

$11,790,046 
87, 668, 833 
343, 659 
691, 809 
197, 087 

1.9 

27.9 

.2 

2.2 

1.5 

Wheat 

Oats 

Barley 

Rve " 

Buckwheat 

Rice 

26, 284 

k' 

.5 

Total 

Meats 

1,167.161, 910 

100,718,318 

8.6 

748. 000. 000 

186. 000. 000 
93,000,000 

62. 522, 185 
71,176 
825, 902 

8.4 

Poultry products 

Hides hair etc 

Dairy products: 

Butter . 

192.000. 000 
32, 000, 000 

156.000. 000 

1,487,773 
6, 455, 438 
181,279 

.8 

20.2 

Cheese 

Milk 

Total 


8, 124, 490 

2.1 

Textile fibers: 

Cotton 

257,295,327 
77, 000, 000 
9,000,000 

177. 895, .501 ! 69. 1 

70, 202 .1 

Wool 

Hemp, flax, etc 

Total '. . . . 



343, 295, 327 

177, 965, 703 

51.8 
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Agricultural Production and Exports of the United States. 


Diagram H. 



\p^oU.^S9,08‘2,pJe.\ I nrQBIAIOCO.I l irso, 510, 38&, 

Frod.^ 3,500, 000. HOPS. £xbJm.78S. I 

rbd}.f33mo,0Otl. I S tIJ G ARI S Y RUPandHONEY. JExp j- 

TraObP 15,000,000. CLOVER S.GRASS SEED. £xj>. tB3d,323.\ 
FtocL.910,000,000. wines. :Exp.9l29.103. ’ 


Scale— f 500. 000 to One Tenth Inch Sjacure. 
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Value of products of American agriculture in 1886, e^G.— Continued, 
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Products. 

Production 
(farm value). 

Exportation 
(farm value). 

1 

Per 

cent. 

: i 

Vegetables; 

Irish potatoes 

1 

$78, 441,940 
20, 000, 000 

13. 800. 000 
08, 000, 000 

175, 000, 000 
353, 437, 699 
39, 082, 118 
3, 500, 000 

33. 500. 000 
' 15,000,000 

10, OCO, 000 

$238, 694 

.3 

Sweet potatoes 

Peas and beans 

450, 291 
256, 518 
1,601,979 
130,804 
2, 510, 386 
46, 725 

3.3 

.4 

.9 

Market gardens 

Fruits 

Hay 

Tobacco 

52.5 

1.3 

Hops 

Sugar and sirup, including honey 

Clover and grass seed 

Wines 

638, 329 
129, 103 

4.3 

1.3 

Grand totals 

3, 727, 218, 994 

374,230,603' 

10.1 



In the statement of value of agricultural products is included 
meats, hides, milk, and fruit consumed, in addition to those enumer- 
ated in the census. There are minor products, such as medicinal ; 
herbs, peppermint, teasels, and many others of small value, which 
are not included. The corn fodder and straw of cereals, and various 
kinds of green forage, ensilage, etc., are not included, because a large 
part of it goes into the production of meat, dairy products, wool, 
etc., while a considerable part of it goes to the sustenance of work- 
animals and the betterment of stock, and is fairly entitled on that 
account to be considered as a part of the unduplicated products of 
agriculture. 

On the other hand, about half of the corn is duplicated in other 
enumerated products. The other cereals do not enter into meat and 
milk j)roducts. Making all necessary allowance for unenumerated 
products on one side and duplications on the other, I assume that 
the net agricultural production of the country amounted in 1886 to 
$3,600,000,000 in round numbers, and possibly to the full aggregate 
of the table above. These values are the values on the farm or of 
primary markets. They represent what the production is worth to 
the farmers. The value of exports, which are those made from the 
crops of 1886, are not those of the sea-ports, but of the farm. It is 
manifestly unfair to compare the exported products with the whole 
production on a different basis of value for each. In reducing to 
farm value the export values of wheat and corn, which come mainly 
from beyond the Mississippi, the average farm values of the district 
of production .are taken. 

It appears that the proportion of all agricultural products ex- 
ported is about 10 per cent. , or exclusive of cotton and tobacco, 5 ' 
per cent. 

The tables belov^r show an aggregate value of agricultural exports 
of $520,820,758, as reckoned in sea-port values, including all the cost 
'pf transportation and other commercial expenses. The farm value 
of those products would fall below a total of $400,000,000. On the 
other hand, the imports of agricultural products, mostly food prod- 
ucts, amount to $287,542,266, plus the cost of ocean transportation 
and commercial charges and profits, and whatever of undervaluation 
may exist in the import prices. The real value is therefore not less 
than $350,000,000 at least, leaving possibly an actual balance of 
$50,000,000 in favor of net agricultural exports after the payment for 
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imports of agricultural productions. This is a liandsome annual 
balance, but not the munificent sum with which our net surplus of 
agricultural production is credited by the exaggerations of the patri- 
otic orator or editor. 

/ 

Exports of the products of domestic agriculture^ 1886 and 1887. , 


Articles. 


Animals, living: 

eattle number 

Hogs do . . 

Horses do . . 

Mules do. . 

Sheep do . . 

All other, and foals 

Animal matter: 

Bones, hoofs, horns and hom-tips, strips, and 

waste 

Casings for sausages 

Eggs dozen . . 

Glue pounds. . 

Grease, grease scraps, and all soap stock 

Hair, and manufactures of i 

Hides and skins, other than furs — 

Honey 

Oils: 

Lard gallons . 

Other animal do . . 

Provisions, comprising meat and dairy prod- 
ucts : 

Meat products— 

Beef products — 

Beef, canned 

Beef, fresh pounds 

Beef, salted or pickled do . . 

Beef, other cured do . . 

Tallow do . . 

Mutton do . . 

Oleomargarine — 

- Imitation butter do . . 

The oil do. . 

Pork products — 

Bacon do . . 

Hams do . . 

Pork, f r-esh do . . 

Pork, salted or cured do . . 

Lard do . . 

Poultry and game 

All other meat products 

Dairy products — . 

' Butter do . . 

Cheese do . . 

Milk 

Wax, bees’ do . . 

Wool, raw do. . 


1886. 


Quantities. 


119,065 
74, 187 
1,616 
1,191 
177, 594 


2.52,202 

297,653 


973,229 

360,223 


99, 423, 362 
58, 903, 370 
824, 955 
40, 919, 951 
1,059,435 

928, 053 
27, 729, 885 

369, 351 
50, 365, 445 
70, 749 
87, 196, 966 
293, 728, 019 


Value. 


18, 953, 990 
91,877, 235 


Total value of animals and animal matter . 

Brea d and breadstuff s: 

Barley bushels . . 

Bread and biscuit pounds . . 

Indian corn bushels . 

Indian-corn meal barrels . . 

Oats bushels.. 

Oatmeal pounds . . 

Rye bushels. . 

Rye flour barrels . . 

Wheat bushels. . 

Wheat flour barrels . . 

AU other breadstuff s and preparations of, used 
as food 


136, 179 
2, 138, 080 


Total value of bread and breadstuff s 


Cotton and cotton-seed oil: 

Cotton — 

Sea island pounds . . j 4, 613, 675 

Other unmanufactured do .... |2, 063. 423, 769 

Cotton-seed oil gallons . . 


252, 183 
16, 778, 850 
03, 6.55, 43;^ 
293, 546 
5, 672, 694 
29,495,008 
196,725 
3,329 
57, 759, 209 
8, 179, 2*11 


958,954 
674, 297 
348,323 
148,711 
329,844 
58,531 


127,735 
700,382 
46, 105 
42, 137 
921,337 
407, 672 
873, 925 
44,735 

500,011 

218,643 


3, 436, 453 
9,291,011 
3, 544, 379 
89, .593 
2,1-44,499 
93,082 

93, 363 
2, 954, 954 

26, 899, 111 
4, 74 ',100 
3, 985 
5, 119, 426 
20, 361 , 780 
28, 484 
947, 524 

2, 958, 457 
7, 662, 145 
255, 864 
36, 626 
476, 274 


107, 539, 458 


166, 330 
725, 476 
31, 730, 922 
858, 370 
1,944,772 
755, 973 
133, 105 
12, 733 
.50, 262, 715 
38, 442, 955 

■ 813, 207 


125, 846, 558 


1,176,025 
203, 909, 617 
6,240,139 i 2, 115.974 


1887. 


Quantities. 


106,459 

75,383 

1,611 

1,754 

121,701 


372,772 
275, 362 


975, 163 
570, 376 


43, 050, 588 
83, 560, 874 
36, 287, 188 
192, 191 
63, 278, 403 
371,572 

83^1, 57'4 
45, 712, Oao 

364, 417, 744 
55, 505,211 
23,930 
85,869,367 
321,. 533. 746 


Value. 


12, .531, 171 
M, 25.5, 994 


90, 3.50 
257, 940 


69, 172, 136 
564,753 
351,607 
214,738 
254,725 
40,403 


162, 958 
538,236 
60, 686 
39,773 
849,908 
335,548 
765,655 
67 , 1 ^ 

519,274 

291,396 


3,462,982 
7, 228, 412 
1,972,246 
17,942 
2, 836. 300 
18; 397 

88,848 

4,676,131 

27, 338, 943 
5,975,727 
1.233 
5, 640, 094 
22, 703, 921 
28, 284 
956, 534 

1 , 983, 698 
7, 594, 633 
258.9.1 
24,997' 
78,00.> 


1,305,300 
15, 060, 061 
40, 307', 252 
265. 33:3 
440, 283 
16,818,3^ 
357, 256 
3,341 
101,971,949 
11,518,449 


107', 115, 245 


8,021,497 
2,161.435,a33 
4 ; 067, 138 


853, 405 
. 6.59, 924 
19, 347, 361 
705,313 
179, 634 
456, 023 
216,190 
H,781 
90,7fB,481 
51,950,028 

672,384 


165,768,662 


1,798,272 
204, 423, 785 
1,578,935 


Total value of cotton and cotton-seed oil i207, 201, 616 207, 800, 9'.;2 
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Exports of the products of domestic agricidture, 1886 ari<d 1887 — Continued. 


Articles. 


• 

Miscellaneous; 

Broom com 

Fruits: 

Apples, dried pounds . . 

Apples, f^reen or ripe barrels . . 

Fmits, preserved: 

Canned 

Other 

A ll other green, ripe, or dried 

Hay . tons.. 

Hops pounds.. 

Oil cake and oil-cake meal do — 

Oils: 

Linseed gallons . . 

Other vegetable 

Rice pounds.. 

Seeds: 

Clover do — 

Cotton do ... 

Timothy do ... . 

All other 

Tobacco: 

Leaf pounds. . 

; Stems and trimmings do 

Vegetables: 

Onions bushels.. 

Peas and beans do — 

Potatoes bushels . . 


All other, including pickles 

Wine: 

In bottles dozen . . 

Not in bottles gallons. . 

All other agricultural products 


Total value of miscellaneous products 

RECAPITULATION. 

Total value of animals and animal matter 

Total value of bread and breadstuffs 

Total value of cotton and cotton-seed oil 

Total value of miscellaneous products 

Total agricultural exports 

Total exports 

Per cent, of agricultural matter 


1886. 


Quantities. 


10, 473, 183 
744, 539 


13, 390 
13, 665, 661 
585, 947, 181 

78,885 


256,311 

2, 652, 438 
11,793,411 
4, 023, 937 


281,737, 120 
11,036,770 

68,811 
408, 318 
494,948 


6,051 

119,085 


Value. 


$134, 185 

548,434 

1,810,606 

580,422 
28,339 
340, 507 
237, 902 
1,714,48a 
7,053,714 

41,963 
43,519 
14, 241 

264, 882 
112, 782 
175, 754 
1,396,572 

26, 926, 544 
231,913 

75,838 
570, 1.53 
346,864 
190, 339 
134, 293 

24, 813 
93,297 
154, 132 


*43,246,496 


107, 539, 458 
125, 846, 558 
207,201,616 
43, 246, 496 


483, 834, 128 
665, 964, 529 
73 


1887. 


Quantities. 


8, 130, 396 
591,868 


13, 873 
260,721 
622, 295, 233 

■ 119,840 


644,384 

7, 932, 390 
11,232,141 
6,500,004 


293, 666, 995 
11,253, 128 

71,689 

387,222 

434,804 


4,426 

282,607 


Value. 


$170,534 

413,363 . 
1,382,872 

506,794 

29,489 

337.447 
218,006 

54, 970 
7, 309, 691 

57, 136 
65,689 
29,204 

630, 8o0 
121,441 
281,048 
874,070 

25, 637, 983 
310, 294 

73, 515 
562,864 , 
318, 259 
228, 567 

125.448 

23,499 
191,672 
181, 154 


*40, 135, 859 


107, 115, 245 
165,768,662 
207,800,992 
40, 135, 859 


1520,820,758 
703, 022, 923 
74 


*In this compilation of agricultural exports sugar and molasses are not included, because they are 
mainly re-exports of fereign sugar. 

t This total of agricultural exports differs for 1887 from that given by the Bureau of Statistics of the 
Treasury Department ($523,073,798), they having included “ ginsing and roots, herbs, and barks not 
otherwise specified,” ($834,848), more properly forest products, and “glucose or gr^ipe sugar,” 
($118,620), properly and always before classed as a manufactured product. 


Imports of agricultural products, 1886 and 1887. 


Articles. 

1886. 

1887. 

Sugar and molasses: 

Sugar . . . 

$80,773,744 
5, 595, 670 

$78, 411,224 
5,356,475 

Molasses 

. 

1 80,369,414 

83,766, 699 

Tea, coffee, and cocoa: 

Tea 

16, 020, 383 
42, 672, 937 
1,793,398 

16,771,803 
56, 347, COO 
1, 670, 013 

Coffee 

Cocoa 


60,486, 718 

74,789,414 
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Imports of agricultural products, 1886 and 1887 — ^^Continued. 


Articles. 


Animals and their products: 

Cattle 

Horses 

Sheep 

All other and fowls 

Bristles 

Butter 

Cheese 

Eggs 

Hair 

Hides 

Hleats — 

Preserved 

AU other 

Milk 


on, animal 
Wools 


Total animals and their products 

Miscellaneous,: 

Breadstuff s: 

Barley 

Indian com 

Oats 

Oatmeal 

Rye 

Wheat 

Wheat flour 

Al l other breadstuffs and preparations of, used as food, not else- 
where specified 

Cotton 

Farinaceous substances, etc., not elsewhere specified 

Flax, hemp, n'ute, etc., immanufactured: 

Flax - 

Hemp and all substitutes 

Jute 

Sisal-grass and other vegetable substances 

Fruits and nuts 

Hay •... 

Hops 

Malt, barley 

Oils, i vegetable: 

Fixed or expressed — 

Olive 

Other - . . 

Volatile or easeutial 

Rice 

Seed 

Spices: 

Ground 

Unground — 

Nutmegs - - 

Pepper 

AU other * 

Tobacco: 

Leaf — 

Suitable foi- wrappers 

All other 

Vegetables : 

Beans and peas 

Potatoes 

Pickles and sauces , . . 

All otht*r — 

In their natural state or in salt or brine 

Prepared or preserved 

Wines: 

Champagne and other sparkling 

Still wines — 

In casks 

In bottles ’. 

Total misceUaneous 


RECAPITULATION . 


Sugar and -molasses 

Tea, coffee, and cocoa 

Animals and their products 

Miscellaneous 

Total imports of agricultural products 




1886. 

1887. 

$1,281,765 
4, 312, 636 
1,006,785 
338, m 
1,087,137 
28,421 
855, 570 
2, 173,454 
2, 469,237 
26, 699, 313 

$1,392,032 
4, 872, 982 
1,245,782 
305,402 
1,174, 333 
38, 125 
874, 261 
1,960,396 
2,617,156 
24,219,101 

271,512 
220, 532 
712, 410 
3,488 
16,746,081 

272, 651 
162,202 
4)59, 0.fl 
3,387 
16,424,479 

5§,207, 181 

56,021,289 

7,177,887 
8, 785 
30,792 
49, 347 
128, 180 
331,393 
6,274 

6, 173, 208 
16, 636 
29,579 
37,857 
10, 720 
218,867 
3,302 

202, 818 
672, 508 
693,210 

150, 059 
533,928 
721,404 

1,576,518 
3, 817, 376 
2,207,023 
2, 299, 450 
17, 318, 259 
1,035,533 
444, 989 
237,843 

ir922, 182 
4, 041,522 
2,616, L8 
3, 733, 001 
20, 608, 486 
790, 394 
3, 404, 669 
153, 363 

651,590 
1,272,026 
947,645 
2,047, 916 
3,266,208 

662, 197 
1,023,059 
1,012, 819 
2,060,379 
1,448,307 

170, 423 

168,760 

458. 379 
1,644, 383 
678, 936 

37, 175 
7, 792, 832 

539, 291 
1,819,609 
953,752, 

8,704,950 

.585, 461 
049, 009 
323, 362 

607, 853 
543,091 
387, 177 

528, 830 
465,517 

516, 319 
295, 911 

3, no, 292 

3, 382,907 

2, 519, 624 
1,310,125 

2,345,565 

1,327,613 

66,757,918 

72,964, 864 

86, 369, 414 
60, 486, 718 
58, 207, 181 
66, 757, 918 

83, 760,699 
74,789,414 
56,021,289 
72,904,864 

271,821,231 

287,542,266 
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WAGES OF FARM LABOR. 


The result of the May investigation of wages of farm labor is al- 
most identical with that of three years ago. The changes are very 
slight, though local differences occur, the averages of the geograph- 
ical sections or groups of States being changed very little. The aver- 
age rate per month, where the laborer boards himself, is a few cents 
lower in the Middle and Western States and in California, and a very 
little higher in the South and in New England. 

Tiie highest rates obtained in 1866 in the Northern and Western 
States. In California and in the South there was a positive advance 
between that date and 1869. The investigation of 1875, a year or two 
after the monetary crisis appeared, showed decline in each section, 
which continued for several years, culminating in 1879, the date of 
lowest prices of all American farm products. The decline from 1866 
to 1879 amounted to 39 per cent, in the Eastern States, 35 in the Mid- 
dle, 30 in the Western States, and 17 in the Southern States. In 
California the rate of averages was well sustained, rising at first but 
standing in 1879 higher than in 1866. 

The following statement presents the sectional- averages for each 
period : 


Sections. 

1888. 

1885. 

1882. 

1879. 

1875. 

^ 

1869. 

1866. 

Elastern States 

$26. 03 

$25.30 

$26. 61 

$20. 21 

1 

$28.96 

$32.08 

$38.30 

Middle States 

23.11 

23. 19 

22.24 

19. 69 

26.02 

28.02 

30.07 

Southern States 

14.54 

14.27 

15.30 

13. 31 

16.22 

17..21 

16.00 

Western States 

22.22 

22. 26 

23.63 

20. 38 

23. 60 

27. 01 

28.91 

California 

38.08 

38. 75 

38.25 

41.00 

44.50 

46.38 

85.75 

Average United States 

16.24 

17. 97 

18.94 

16.42 

19.87 

20.98 

21.71 


The accomj)anying diagram (K) illustrates the course of prices for 
more than twenty years, and forcibly shows into what, a gulf wages 
fell during the five or six years of panic, from which a slow recovery 
comrnenced in 1879. The sharp decline from 1886, except in Cal- 
ifornia — where the highest point after the war is noted in 1869 — is a 
fall from an era of inflation, in which speculative values were all 
the higher from being stated in a depreciated currency . The present 
values appear to be on a more natural and stable basis. 

It will be seen that the rise was coincident w'ith the return to 
specie payments, reaching the natural level by a leap as soon as the 
pressure which depressed was removed. It is curious to note, fur- 
ther, that at the lowest ebb of wages rates were higher in the West 
than in the Middle States, and slightly above the lowest point reached 
in the Eastern States, because the soil was still cultivated and crops 
were grown in their usual quantity, while much of the manufactur- 
ing industry was suspended. This Western line of wages would not 
have dipped so low but for the immigration to the West of Eastern 
operatives and artisans out of work seeking employment and future 
homes. 
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This statement gives the result of the present investigation, imcon- 
nectibn with those of five prior inquiries at intervals from 1869 to 1888: 


1888. 


States and Territories. 

Without 

board. 

With 

board. 

Maine 

24.38 

S17.20 

17.00 

New Hampshire 

Vermont 

Massachusetts 

23. 25 
29.50 

16.40 

18.00 

Rhode Island 

27. 75 

17.50 

Connetoticut 

27.40 

17.17 

New York 

24. 13 

16. 30 

New Jersey 

23. 33 

15.73 

Pennsylvania 

22.24 

14.50 

Delaware 

18.00 

12.25 

Maryland 

18.48 

11.84 

Virjs^nia 

13. 82 

9.25 

North Carolina 

13.41 

9.00 

South Carolina 

12.25 

8.00 

Georgia 

12.60 

8.81 

i^oriHa 

18.00 

11.. S3 

, Alabama 

13.. 59 

9.49 

Mississippi 

15.03 

10. 09 

TiOuisiana 

15. 37 

11.12 

Texas 

19.20 

12.60 

Arkansas 

18.34 

12. 50 

Tennessee 

14.00 

10.00 

West Virginia 

18.74 

12.25 

Kentucky 

16.51 

11.33 

Ohio 

22. 21 

15.00 

Michigan 

25.20 

17.00 

Indiana 

22.50 

15.30 

Illinois 

23.20 

16.00 

Wisconsin 

24.65 

16.80 

Minnesota 

25. 75 

17. 68 

Iowa 

25.60 

17. 34 

Missouri 

21.00 

14.20 

Kansas 

24.25 

16. 05 

Nebraslca 

-25 59 

17.18 

California 

Oreeron 

38.08 
32. 56 

25.67 

23.00 

Nevada 

33.00 
36 00 

27 00 

Colorado ^ ..... . 

23.00 

Arizona . . i 

25.00 
25. 85 
39 00 

16 00 

Dakota '. 

18 21 

Idaho 

26.25 

Montana 

40 00 

27.50 

New Mexico 

28.75 

18. 25 

Ptah 

33 .50 

22.30 

Washington 

35.20 

25 00 

Wyominc i 

[ 37.00 

25.00 


Average 

18.24 

12. 36 


^ , - . '.-V 


1885. 

1S82. 

1879. 

1875. 

1869. 

4^ 






4^ 








0'S 


oV 


oS 


2 ^ 

go 

■1=J o 


.rt o 

^-1 

& o 

o 

^ o 


n 
^ o 










V 

$23.09 

$16.00 

$24.75 

$16.15 

$18.25 

$11.08 

$25.40 

$15.94 

$26.25 

$16.50 

22.80 

15.75 

25.25 

16.72 

19. 75 

12.30 

28.57 

18.25 

32.66 

22.16 

23.00 

16.20 

23. 37 

16.00 

19.00 

11.50 

29.67 

19.37 

32.40 

21.40 

28. 75 

17.85 

30. 66 

18.25 

25.00 

15.33 

31.87 

'20.25 

35. 95 

22.10 

28.50 

17.70 

27.75 

17.00 

23.00 

13. 25 

30.00 

19.00 

32.25 

20.00 

27. 67 

17.20 

27.90 

17.37 

23.29 

14.23 

28.25 

18.50 

83.00 

20.75 

24.00 

16.52 

23.63 

15. 36 

20.61 

13.19 

27.14 

17.80 

29.28. 

18.64 

23.60 

14. 10 

24.25 

14.20 

20.22 

11.53 

30.71 

16.78 

32.11 

19.02 

22.52 

14.121 22.88 

14.21 

19. 92 

11.46 

25.89 

16. 10 

28. 68 

18.05 

18. 33 

12.63 18.20 

12. 50 

17.00 

9.50 

20.33 

11.67 

22.00 

13.00 

18.20 

11.50 

16.34 

9. 89 

14.00 

8.95 

20.02 

11.42 

21.55 

12.00 

13.95 

9.34 

13.96 

9. 17 

11.00 

7.66 

14.84 

9.21 

15.28 

9.65 

12.85 

8. 91 

12.86 

8.80 

11.19 

7.66 

13.46 

8.82 

12.76 

7.91 

12.00 

8.25 

12. 10 

8.10 

10.25 

6. 66 

12.84 

8.19 

11.54 

7.34 

12.47 

8.73 

12.86 

8.70 

10.73 

7.38 

14.40 

8.79 

14.70 

9.70 

17.80 

11.37 

16.64 

10.20 

13.80 

8.73 

15.50 

10.75 

16.10 

i0.91 

13.00 

9.10 

13.15 

9.09 

13.20 

8.30 

13.60 

9.46 

15 19 

10.52 

14.60 

10.00 

15.10 

10.09 

13. 31 

9.28 

16.40 

11.25 

17.11 

11.21 

16.05 

11.26 

18.20 

12. 69 

16. 40 

11.27' 

18.40 

12.20 

21.37 

■12. 62 

18.87 

13. 72 

20.20 

14. 03 

18.27 

11.49 

19.50 

13.37 

18.83 

13.21 

17.33 

12. 25 

18.50 

12.25 

17. 12 

11.31 

20.50 

13.00 

25.25 

16.60 

13.88 

9.74 

13.75 

9.49 

12.73 

8. 69 

15.20 

10.00 

16.81 

11.00 

19.00 

12.40 

19.16 

12. 46 

16.98 

10.94 

20. 75 

18. 10 

21.39 

13.87 

16.80 

11.69 

18.20 

11.75 

15. 17 

10.00 

18. 12 

12.00 

18.84 

12.57 

23.00 

15.50 

24. 55 

16. 30 

20. 72 

13.34 

24.05 

16.33 

26.35 

16.74 

24.00 

16.14 

25. 76 

17.27 

22. 88 

14.64 

28.22 

18.46 

31.01 

20.03 

22.20 

15.30 

23. 14 

15. 65 

20.20 

12. 76 

24.20 

16. 14 

25.42 

17.03 

23.50 

16. 60 

2:3. 91 

17. 14 

20. 61 

13. 01 

25.20 

16.87 

27.32 

17.69 

23.54 

16.78 

26.21 

17.90 

21.07 

13.81 

25.50 

16.45 

30.08 

18.47 

25. 50 

16.75 

26.36 

17.75 

24.55 

15.62 

26. 16 

16. 36 

28. 61 

17.94 

25. 33 

17.00 

26. 21 

17.95 

22.09 

13.90 

24.35 

16.11 

28. 39 

17.87 

21.35 

14. 50 

22.39 

13. 95 

17.59 

11.84 

19.40 

13.15 

24.47 

16.38 

24.70 

16.00 

23. a5 

15.87 

20.67 

13.28 

23.^ 

14. 65 

28.96 

18.38 

25.00 

16.50 

24. 45 

16.20 

23.04 

14.86 

24.00 

14.75 

33.25 

19. 18 

38. 75 

25.00 

38.25 

23.45 

41.00 

26.27 

44.50 

28.60 

46.38 

28.69 

34.00 

21.25 

33.50 

24.75 

35.45 

23.86 

38.25 

26.67 



33.00 

21.25 

36.50 

27.08 

35.00 

20.00 

38.50 

21.14 





17.60 



28.56 

16.57 

32.50 

20.50 

, 


^Jm OO 











i 








OQ 

17 .^Oi 


22. 10 

13 8C' 

22. 75 

14. 25 



fCO. i 0 

21 00 



28 87 

20.50 

35 50 

25 . 3:] 



til/, uu 

38.33 

26.25 
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17. 97 


18.94 


16. 42 


19. 87 


20.98 
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DAY WAGES IN HARVEST. 

s 

Tlie following exhibit of average day wages in harvest trime, with - 
and without board, corresponds in its periodical changes with -those 
ill the statement of monthly wages of labor employed by the year ; 


States and Territories. 

-1— 

1388. 

i 

1885. 

1882. 

1879. 

f 

1875. 

1869. 

^ - 

AVitlioiit 

board. 

With 

board. 

AVitliout 

board. 

AVith 

board. 

Without 
, board. 

AA^ith 

board. 

AVithout 

board. 

AA'ith 

board. 

AVithout 

board. 

AVith 

board 

^ • 

IS'g 

AVilh 

board. 

Maine 

T 

$1.65 

.$1.30 

1 

1$1. 58 

$1.19 

SI. 52 

$1.22 

!$1.42 

$1.09 

$1.99 

$1.49 

$2. 17 

$1.65 

New Hampshire 

i 1.67 

1.37 

1.65 

1.32 

1.71 

l.a5 

1 1.25 

.96 

2.06 

1.64 

2.37 

1. 95 

Vermont 

1 1.65 

1.35 

1.68 

1.30 

1.75 

1.35 

1.29 

. 97 

2.28 

1.85 

2. 46 

2.00 

Massachusetts 

! 1.80 

1.38 

1.70 

1.31 

1.75 

1.35 

1.50 

1.00 

1.90 

1.50 

2.37 

1.95 

nhode Island 

1.75 

1.35 

1.60 

1.25 

l.GO 

1.30 

1.30 

. 95 

2.00 

1.50 

2.37 

1.75 

Connecticut 

1.70 

1.40 

1.65 

1.33 

1. 65 

1.33 

1.60 

1.25 

2. 06 

1.53 

2.40 

1.90 

New York. 

1.80 

1.37 

2.00 

1.54 

1.89 

1.47 

1.53 

1.18 

2.25 

1.75 

2.53 

1.99 

New Jersey 

1.88 

1.50 

2.04 

1.65 

2. 09 

1.74 

1. 55 

1.30 

2. 56 

2.03 

2.63 

2.09 

Pennsylvania 

1..51 

1.13 

1. 65 

1.20 

1.73 

1.30 

1.33 

.99 

2. 01 

1.51 

2.23 

1.73 

Delaware 

1.40 

1.10 

1.88 

1.52 

1.60 

1.25 

1.37 

1.00 

1.83 

1.41 

1.87 

1^50 

Maryland . . . •. 

1.46 

1.15 

1. 74 

1.38 

1.52 

1.15 

1.4S 

1.12 

1.81 

1.34 

2.16 

1.67 

Virginia 

1.30 

1.10 

1.33 

1.06 

1.27 

.99 

1.16 

.96 

1.48 

1.21 

1.48 

1.13 

North Carolina 

.96 

.75 

1.15 

.82 

1.20 

.85 

.99 

.76 

1.17 

1.00 

1.37 

1.04 

South Carolina 

.95 

.72 

.87 

.64 

1. 08 

.78 

.89 

.68 

1.17 

1.01 

1.15 

.90 

Ueorgia 

.99 

. ( 1 

1.04 

.80 

1.10 

.80 

.98 

.61 

1.29 

.99 

1.24 

.90 

Florida 

1.04 

.78 

.96 

.70 

1.12 

.80 

1.02 

.73 

1.00 

.72 

1.25 

.87 

Alabama 

.97 

.72 

.99 

.76 

1.05 

.80 

.96 

.77 

1.40 

1.15 

1.24 

.95 

Mississippi 

.97 

.73 

1.00 

.79 

1.23 

. 95 

1.00 

.85 1 

1.40 

1.00 

1.56 

1.27 

Louisiana 

. 9'2 

.72 

■ .95 

.75 

' 1.10 

.85 

I 1.03 

.77 

1.30 

1.05 

1.54 

1.13 

Texas 

1.23 

.96 

1.32 

1.04 

1.39 

1.08 

1.30 

.94 

1.52 

1.20 

1.58 

1.26 

Arkansas 

1.30 

.97 

1.30 

1 1.03 

1.34 

1.02 

1.38 

1.08 

1.50 

1.25 

1.67 

1.40 

Tennessee 

1.20 

.93 

1.28 

1.04 

1.30 

1.00 

1.28 

.98 

1.62 

1.20 

2.10 

1.59 

West Virginia 

1.20 

.92 

1.31 

1.03 

1.30 

1.00 

1.26 

.95 

1.55 

1.20 

1.78 

1 1.29 

Kentucky 

1.35 

1.07 

1.51 

1.17 

1.54 

1.18 

1.49 

1.15 

1.79 

1.46 

1.83 

1.98 

Ohio 

1.56 

1.2S 

1. 75 

1.40 

1.79 

1.41 

1.51 

1.17 

2.05 

1.60 

2.15 

1.72 

Michigan 

1.80 

1.40 

1.90 

1.57 

2. 13 

1.76 

2. 02 

1.55 

2.50 

2.00 

2.70 

2.25 

Indiana 

1.64 

1.32 

i.a5 

1. 55 

1.89 

1.58 

1.68 

1.28 

2.20 

1.75 

2.16 

1.77 

Illinois 

1.00 

1 . 25 

1.80 

1.40 

1.91 

1.54 

1.52 

1.18 

2.20 

1.83 

2.34 

1.94 

Wisconsin 

1.80 

1.44 

1.89 

1.57 

2.50 

2. 10 

2.11 

1.70 

2.40 

1.92 

2.45 

1.96 

Minnesota 

2. 20 

1.75 

2.29 

1.89 

2.61 

2. 16 

2. 63 

2.25 

2.82 

2.30 

2.90 

2.36 

Iowa 

1.81 

1.46 

2.00 

1.61 

2.25 

1.81 

1.66 

1.57 

2.57 

2. 10 

2.85 

2.24 

Missouri 

1.43 

1. 1 ; 

1.62 

1.30 

1.59 

1.23 

1.47 

1.17 

1.75 

1,43 

2.30 

1.84 

Kansas 

1.60 

1.25 

1.87 

1.43 

1.70 

1.35 

1.70 

1.32 

1.86 

1.46 

2.08 

1.63 

Nebraska 

1.80 

1.4i 

1.98 

1.55 

1.95 

1.57 

2.17 

1.66 

2.40 

1.98 

2. 41- 

2.00 

California 

2. 25 

1 . 85 

2.20 

1.80 

2. 30 

1.86 

2.27 

1.76 

2.50 

2.00 

2.82 

2.04 

Oregon 

1 94 

1 45 

1.95 

1.50 

1 92 

1 50 

2.02 

1 54 

2. 11 

1.72 



Nevada 

1 80 

1 37 






1 



Colorado 

1 87 

1.35 

2 05 

1.50 

2 21 

1 80 

2.08 

1.55 

2.33 

1.50 



Arizona 

1 70 

1 20 









Dakota 

2 12 

1 64 

1 38 

1 00 

2.65 

2. 19 



2 37 

1.90 



Idaho 

2 00 

1 52 









Montana , . 

2 20 

1 50 











New Mexico 

1 31 

1 00 

1 31 

88 

1 65 

1 40 

1 00 

67 

1 35 

.90 



Utah 

1.72 

1.30 

1.75 

1.36 

2.00 

1.56 

1.82 

1.43 

2.20 

1.75 



Washington 

2 10 

1 60 

2 05 

1.50 



2. 15 

1.61 

2.40 

2.00 

'4 


AVyomihg 

2.00 

1.30 






1 













Average 

1.31 

1.02 










1 








1 
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DAY WAGES OF ORDINARY FARM LABOR. 


Table showing the average rate of loages per day in transient service other than 

harvesting. 


! 1888. 


States and TervitorleLi. 

Witliout 
boai d. 

With 

board. 

- Maine 

$1.25 

so. 92 

New Hampshire 

‘ 1.27 

. 95 

Vermont 

1.16 

.90 

Massachusetts 

1.42 

1.00 

Rhode Island 

1.42 

1.02 

Connecticut 

i.as 

1.00 

New York 

1.21 

.90 

New Jersey 

1.20 

.87 

Pennsylvania 

1.10 

.82 

Delaware 

.95 

.70 

Maryland 

.90 

.64 

Virginia 

.73 

.51 

North Carolina 

.61 

.45 

South Carolina 

.65 

.43 

Georgia 

.75 

.50 

Florida 

.95 

.70 

Alabama 

.72 

.53 

Mississippi 

.75 

.55 

Louisiana 

.85 

.65 

Texas 

.95 

.71 

Arkansas 

.93 

.65 

Tennessee 

.74 

.53 

West Virginia. . . , . . . 

.85 

.02 

Kentucky 

.82 

.60 

Ohio 

1 07 

82 

Michigau 

1.20 

.90 

Indiana 

1.10 

.82 

Illinois 

1.12 

.84 

Wisconsin 

1.22 

.97 

Minnesota , . . 

1 1.30 

1.00 

Iowa 

1.27 

.97 

Missouri . . 


.SO 

Kansas 

' 1.17 

.85 

Nebraska 

1.37 

1.00 

California 

1.60 

1.18 

Oregon 

1.35 

.98 

Nevada 

1. 65 

1.20 

Colorado '. 

1.60 

1.12 

ArizQpa 

1.25 

.90 

, Dakota 

1.35 

1.10 

Idaho 

1.50 

1.15 

Montana . . . 

1.70 

1.25 

New Mexico 

1.35 

1.00 

Utah 

1.42 

1. 10 

Washington 

1.45 

1.15 

Wyoming 

1.50 

1.10 

Average 

.92 

.67 


1885. 

1882. 

1879. 

1875. 

1869. 

4-:) 




-M 




4^ 



rCi'd 

o'i 


' 0'S 


0'S 


o'® 


p 




-I 

-T5 O 


^ o 

‘C 

fe O' 

•1^.0 

go 

SI. 19 

$0. 88 

$1.18 

$0. 91 

$0. 97 

$0.72 

$1.46 

$1.05 

$1.48 

$1. 05 

1.30 

.95 

1.30 

.97 

.98 

.74 

1.50, 

L12 

1.79; 

1.41 

1.15 

.88 

1.20 

.90 

.91 

.64 

1.51 

1.11 

1.76 

1,28 

1.50 

1.00 

1. 45 

1.08 

1.05 

.75 

1.44 

1.12 

1.92 

1.37 

1.25 

.94 

1.28 

1.00 

1.00 

.50 

1.62 

1.18 

1.73 

1.18 

1.32 

1.00 

1.30 

.98 

1.50 

.88 

1.50^ 

1.16 

1.87 

1.37 

1.26 

.93 

1.29 

.93 

.92 

.68, 

1.48 

1.06 

1.64 

1.19 

1.17 

.83 

1.21 

.86 

.99 

.68 

1.45 

1.00 

1.63 

1.15 

1.10 

.80 

1.20 

.85 

.96 

.63 

1.37 

.95 

1.43 

L04 

1.00 

.78 

1.10 

.80 

.75 

.50 

1.04 

.70 

1.30 

,95 

.93 

.62 

.83 

. 55 

,75 

.48 

1.06 

.71 

1.20 

.77 

.71 

.49 

.70 

.48 

.63 

.44 

.78 

.51 

.80 

.55 

.67 

.47 

.68 

.46 

.58 

.41 

.72 

.51 

.74 

.49 

.60 

. 45 

. 65 

.45 

..53 

.41 

.71 

.55 

.70 

.50 

.66 

.47 

.70 

.49 

.58 

.44 

.83 

.60 . 

.83 

.60 

.85 

.60 

. 75 

. 55 

.76 

.53 

.93 

.70 

.96 

.72 

.73 

.62 

.72 

.51 

.69 

. 50 

.75 

.63 

.86 

.61 

.80 

.60 

. 75 

.55 

.78 

.55 

1.07 

.80 

1.10 

.90 

.82 

.64 

.m 

.60 

• .85 

.62 

1.00 

.74 

1.44 

-.83 

.98 

.76 

.93 

.70 

.92 

.66 

1.14 

.84 

1.16 

.84 

.89 

.64 

.88 

.62 

.86 

.60 

1.10 

.80 

1.36 

1.02 

.71 

.52 

.72 

.50 

.69 

.50 

.95 

.60 

1.05 

.68 

.83 

.60 

.82 

.59 

.80 

.55 

1.05 

. 75 

1.14 

.79 

.84 

.59 

.87 

.60 

.77 

. 53 

1.03 

.72 

1.10 

.77 

1.11 

.85 

1.19 

.89 

1.00 

.83 

1. 35 

1.00 

1,44 

1,05 

1.28 

.92 

1.30 

.96 

1.16 

.82 

1.55 

1.10 

1.66 

1.17 

1.08 

.80 

1.08 

.78 

.90 

.69 

1.30 

.95 

1.36 

1.61 

1.14 

.87 

1.19 

.90 

1.01 

.73 

1.37 

1.01 

1.50 

1.13 

1.20 

. 95 

1.3:3 

.99 

1.12 

.79 

h 42 

1.00 

1. 56 

1.15 

1.25 

.99 

1.37 

1.02 

1.27 

.94 

1.50 

i.or 

1,64 

1.18 

1.31 

.97 

1.34 

.99 

1.12 

.80 

1.38 

1.01 

1.52 

1.13 

.95 

.68 

1.00 

.70 

.67 

.59 

1.07 

.73 

1.44 

1.02 

1.20 

.87 

1.12 

.80 

1,05 

.72 

1.30 

.90 

1.56 

1.12 

i.a5 

.Q7 

1.21 

.91 

1.29 

.90 

1.43 

1.00 

1.62 

1.26 

1..57 

1.15 

1.71 

1.29 

1.65 

1.23, 

1.84 

1.30 

2. 13 

1.50 

1.30 

.95 

1.33 

1.00 

1.44 

1 08 

1 47 

1.15 



1.25 




1.55 

1.10 

1.63 

1.14 

1.83 

1.19 

i.75 

1.16 



1.31 

1.08 

1.50 

1.11 

1.34 

.92 

1.62 

1.08 













1 25 

81 

1 28 

1 00 

81 

56 

85 

50 



1 52 

1 14 

1.57 

1.10 

J.46 

i!i2 

1 80 

1.40 



1.70 

1.17 















* 





























COMPARATIVE LABOR SUPPLY. 

There is a sufficiency of farm labor in this country as a whole, 
with a comparatively even balance betAveen the geographical^ divis- . 
ions. There are localities in perhaps every State where scarcity ex- 
ists, and others having a superabundance. There is in some places 
a scarcity of agricultural labor caused by demand at higher wages 
for labor in some specific local industry. There is reported now, as 
always heretofore, a tendency to exercise distinctive preferences and 
encourage peculiar aptitudes for professions and avocations outside 
of agriculture, generally leading away from the country to the town 

or city. ^ . . 

On portions of the coast the fishing industry, or other seafaring 
pursuits, are mentioned among those which compete with agricult- 
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Tire for lajbor. In many of the counties bordering on Chesapeake 
Bay the supply of 'labor for farming purposes is somewhat scanty 
during the oyster season. In Maine, in portions oi 'New York and 
Pennsylvania, in the yellovv-pine regions of the South, and in the 
forest regions of the Northwest, lumbering creates a demand for labor 
which is sensibly felt in adjacent agricultural districts. Other for- 
est industries whose competition is felt within certain limits are 
chopping cord-wood, the gathering of tan-bark, and in the Southern 
yellow-pine region the turpentine business. The extension of min- 
ing and the establishment of additional furnaces and iron- works 
have had a like ^ effect upon agricultural labor within the sphere of 
their influence. The construction of railroads and various public . 
works li as nreated a considerable demand for labor, drawing to an 
inconvenient extent in some cases on the agricultural labor in their 
vicinity. Temporary disturbance of the relation between supply 
and demand has been caused by changes in rural industries from 
arable- to pastoral, from farming to fruit-growing or market gar- 
dening. The preference of negroes to renting or owning land has 
caused local scarcity, and a movement to richer lands or newer set- 
tlements has had a similar effect. 

Depression in manufacturing industries, total or partial suspension 
of work^n some establishments — such as factories, iron-vvmrks, or 
mines — and strikes of miners, iron- workers, railroad men, or others, 
as causes of increased supply, are mentioned by a number of corre- 
spondents in the States bordering the Ohio and Mississippi Rivers^ 
including West Virginia, Kentucky, Ohio, Indiana, Illinois, Wis- 
consin, and Missouri. It must not be inferred, however, that such 
conditions are extensively prevalent in those States, as the reports 
in question apply to only a few counties or parts of counties. 

Lo\7 prices of farm produce have caused a reduced demand for 
hired labor, farmers and members of their families doing more of 
their own work than they formerly did, while there are some cases 
in which farmers of the poorer class have abandoned the cultivation 
of their own land and accepted employment from others. Increased 
use of machinery or improvement in its character is another cause 
of reduced demand referred to in many cases. 

It is worthy of notice that in some of the reports from the States 
and Territories of the farther West the labor of the Indians is re- 
ferred to as a prominent factor in the supply for farming purposes. 

RENT OF FARMS. 

The marked peculiarity of American agriculture has been the fact 
that owners of farms are the cultivators of the land. A large pro- 
portion of the farm proprietors do not employ farm laborers or pay 
farm wages. There are fewer laborers working for wages than 
owners cultivating their own acres. The whole number of farms 
reported in the last census was 4,008,907, the number of farmers 
4,225,945, and the number of laborers 3,323,876. Since then our pop- 
ulation has increased 20 per cent. , and the number of persons, exclu- 
sive of the wives and children of farmers, who are actively employed 
in agriculture must be about 9,000,000. Including non-laboring 
children and others in the families of farmers, the agricultural pop- 
ulation is not less than 26,000,000. The class of farm laborers niust 
now number about 4,000,000. 

In 1880 the number of farms rented was 1,024,601, of which 322,357 
were taken at a cash rental and 702,244 on shares. Those that were 
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cultivated by owners 74.4 per cent., say tbree-fourtlis to bne-fourth 
rented. Even this proportion of rentals is more apparent than real, 
as 47 per cent, of all are found in the cotton States, arising from tlie 
counting by census enumerators of individual laborers or ^^freed- 
men,” to whom sections of plantations were distributed for cultiva- 
tion on shares, simply because they refused to work for wages and 
insisted on a semblance of independent management; and thus a 
single farm, not to be alienated from its single owner or even divided 
by any permanent lines of division, was reckoned as half a dozen 
farms or more. Very few of these individual laborers on shares, 
working under various terms of contract, can be considered inde- 
pendent renters of farms. They are rather temporary tenant-work- 
ers of fractional parts of farms, and can not be fairly cited in proof 
of the gradual decadence of cultivation of lands by farm proprie- 
tors. It is an available form of cultivation, by paying wages in 
produce instead of cash, with a certain degree of independence o^ 
the freedmen, and a measure of protection to the farmer against the 
unreliability of the laborer. 

The following is the census subdivision of farms by tenure: 


Sections. 

Total farms. 

Farms cultivated 
by owner. 

Tenant. 

Number. 

Per ct. 

Cash rental. 

Shares. 

V 

New England 

Northern Middle 

Southern. Middle 

South Atlantic 

Southern 

Western 

Trans-Mississipj)i 

Pacific 

The Territories 

Total 

207,232 
488,907 
167, 7SS 
413, 537 
720, 195 
1,214,400 
699, 766 
53,555 
43,532 

189, 572 
395, 275 
116,550 
244,181 
443, 130 
956, 881 
553, 608 
44,016 
41,093 

91.5 
80.8 

69.5 

59.0 

61.5 
78.8 

79.1 

82.2 
94.4 

10,230 

38.781 

17. 781 
52,723 
88,268 
73, 886 
36, 066 

4,013 

609 

7,430 
54, 851 
33,452 

116.633 
188,797 

183.633 
110,092 

5,526 

f,830 

4,008,907 

2,984,306 

74.4 

322,357 

702,244 


Aside from the peculiar and temporary tenures of the Southern 
States, about four-fifths of the farms are cultivated by their owners. 
There is comparatively little difference in the several geographical 
divisions, except that there is less tenant-holding in IN'ew England than 
elsewhere, there being but 17,660 farms held by any system Of ten- 
antry in the six States, and a very small proportion in the Rocky 
Mountain region. 

The number of farms in each class, with the percentage of all cul- 
tivated by owners, for each State, is given in detail: 


States and Territories. 

Farms. 

Farms cultivated 
by owner. 

Farms cultivated by 
tenant. 

' 

Number. 

Per ct. 

■ 

Cash rental. 

Shares. 

TVrn.iTip 

64,309 

61,528 

96 

1,628 

\ 

1,153 

'N'fkw TTn.rrmMhirp, 

32, 181 

29, 569 

92 

1,237 

1,378 

Vermont 

35', 522 

30, 760 

87 

2, 164 

2,598 

848 

Mnssar*hns5etts 

38,406 

35, 266 

92 

2,292 

Rhode Island 

6,216 
30, 5PS 
241,058 

4,980 

80 

989 

247 

Hrmneetimit 

27, 472 

90 

1,920 

1,206 

'N’p.w Vn7*lr 

201,186 

83 

18, 124 

21,748 

"Mftw -Tpr.'sev 

34; 307 
213, 542 

25. 8(59 

75 

3,608 

4,830 

'PftrmHvlvfl.nia 

168,220 

79 

17, 049 

28,27^ 

Delaware 

8, 749 

5, 041 

58 

511 

3,197 

Maryland 

40,517 

27,978 

69 

3,878 

8,661 


I 
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States and Territories. 

i 

Farms. 

1 

Farms cultivated 
by owner. 

< 

Farms cultivated by 
tenant. 

Number. 

Per ct. 

Cash rental. 

Shares. 

Virginia 

118,517 

&3, 531 

70 

13,392 

21,594 

North Carolina 

157, 609 

104, 8S7 

67 

8,644 

44,078 

South Carolina 

93,864 

46,645 

50 

21,974 

25,245 

Georma 

138, 626 

76, 451 

55 

18, 557 

43,618 

Florida 

23,438 

16, 198 

69 

3, 548 

3,692 

Alabama 

135, 864 

72, 215 

5.3 

22,888 

40, 761 

Mississippi 

101,772 

.57, 214 

56 

17,440 

27,118 

Louisiana 

48, 292 

31,286 

65 

6,669 

10, 337 

TexEus 

174, 184 

108, 716 

62 

12, 089 

53,"37'9 

Arkansas 

94, 433 

65, 245 

69 

9,916 

19, 272 

Tennessee 

165, 630 

108,454 

65 

19, 266 

37,930 

West Virginia 

62, 674 

50,673 

81 

4,292 

7,709 

Kentucky 

166. 453 

122,426 

74 

16, 824 

27,203 

Ohio 

247, 189 

199, 562 

81 

14,834 

32, 793 

Michigan 

154.008 

138,597 

90 

5, 015 

10, 396 

Indiana 

194,013 

147, 963 

76 

8,582 

37, 468 

Illinois 

255 741 

175,497 

69’ 

20,620 

59,624 

Wisconsin 

134^ 322 

122; 163 

91 

3; 719 

8^440 

Minnesota 

92,386 

83, 933 

91 

1,251 

7,202 

Iowa 

185, .3.51 

141,177 

76 

8,421 

35,753 

Missouri 

215, 575 

1.56, 703 

73 

19,843 

39,029 

Kansas 

138. 561 

115,910 

84 

4,438 

18,213 

Nebraska 

63, 387 

.51,963 

82 

vl,948 

9,476 

California 

35, 934 

28,810 

80 

3,209 

3, 915 

Oregon 

16, 217 

13,938 

86 

741 

1,538 

Nevada 

1,404 

1,268 

90 

63 

73 

Colorado 

4, 506 

3,922 

87 

165 

419 

Arizona • 

767 

666 

87 

42 

.. 59 

Dakota 

17, 435 

16, 757 

96 

72 

606 

Idaho 

1,885 

1,796 

95 

32 

57 

Montana 

1,519 

1,4.39 

95 

17 

63 

NeAv Mexico 

5,053 

4, 645 

92 

22 

386 

Utah 

9, 4.52 

9,019 

95 

60 

373 

Washington 

6,529 

6,058 

93 

209 

. 262 

Wyoming 

4,57 

444 

97 

5 

8 

District of Columbia 

435 

269 

62 

150 

16 

Total 

4,008,907 

2,984,306 

74.5 

322, 357 

702,244 


SHARE CONTRACTS. 

There is great variety in the terms of rental for a share of the prod- 
ucts. It is a system, more popular than renting for cash in every 
pari of the country except in the Eastern States. The three main 
forms of the share contract may he stated, in general terms, as (1) 

. land only is furnished; (2) land, horses or mules, and implements; (3) 
all these, and feed for horses, the laborer doing the work and usually 
boarding himself. 

In the Eastern States the preferable models to take the farm at 
the halves,” the tenant having house rent, fire- wood from the wood- 
land, keeping the fences in condition, and dividing equally such 
products of the farm as are not used upon it. It is usually required 
that hay and coarse fodder shall be fed upon the farm, as the barn- 
yard manure is the only ordinary resource for maintaining fertility. 
In some cases the owner pays for half the seed, and the tenant pays 
half the taxes, though required to work out the road tax. In some 
cases in Maine the owner receives in lieu of shares 8 to 10 per cent, 
of the value of the farm in cash, he paying the taxes. 

The usual share of the tenant in Slew Hampshire is one-half; on ' 
less valuable lands, or those remote from market, he receives five- 
eighths. Conditions vary in minor details. 

Similar terms of the share contract prevail in Vermont. One of 
the diversions from the regulation form of the contract is a money 
rent per cow on dairy farms of from $15 to $20. The tenant ^^at the 
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■ halves’’ is. sometimes required to furnish half the stock and tools, or 
to pay interest on the investment if furnished by the proiDrietor. 

There is very little share farming in Massachusetts, most occupiers 
owning the lands they cultivate; yet in a few instances in every 
town the share system is employed, practically the same as in the 
neighboring States. There are probably less than three hundred 
- share tenants in Rhode Island, working generally for half, with con- 
siderable variation in the details of the contract. 

In Connecticut the tenant getting half sometimes pays a shaTe of 
the taxes and of the fertilizers, if any are used beyond the resources 
of the farm.. Where only labor is furnished, the farm being fully 
equipped by the owner and 'work animals fed, the laborer gets one- 
third, or if the land is in a high state of cultivation, a fourth will 
sometimes suffice. 

One-half is usually obtained by tenants in Rew York, or one-third 
with a minimum of provision or responsibility beyond mere labor. 
In some instances the taxes or the thrashing bill may be divided be- 
tween the farmer and the tenant, or interest may be charged for use 
of stock and tools. 

In Yew Jersey one-half is the rule in share ccmtracts, with some- 
what variable conditions, and labor alone receives one-fourth to 
one-third. The item of fertilizers is always important here, always 
considered in leases, and the quantity required affects the terms 
of the contract. The tenant is usually required to furnish imple- 
ments, teams, and seed. In some cases the tenant is allowed two^ 
thirds of the grain and one-iialf of the hay. 

Pennsylvania has a great variety of forms of share contracts, al- 
lowing the tenant one-half, two-thirds, and even three-fourths of the 
produce, according to the value and productiveness of the land and 
its equipments. One-third is the usual proportion for labor only. 
In some cases the tenant is required to pay half of the taxes. 

In Delaware the tenant gets half of the produce, and from that pro- 
portion down to one-third and one-fourth, according to his limitation ^ 
’ of responsibility and personal expense beyond labor.. 

The tenant’s share in Maryland, on poor or medium soils, is ordi- 
narily tvv^o-thirds, and on more productive lands and those near to 
good markets one-third where only the land is furnished; but with 
teams and implements supplied by the owner, he gets two-fifths to 
one-third. Fertilizers are extensively used here, and when procured 
beyond the farm the tenant is usually required to pay for at least his 
share. 

The usage varies in Virginia from one-half to two-thirds to the 
tenant, in some cases three-fourths. But the owner often deems it 
desirable to provide for the work animals when they go with the 
farm, especially with colored tenants, or risk the starvafion of his 
stock. The share of labor alone is from one-fourth to one-half, ac- 
cording to the value of the average product of the* land. 

The cotton States have had a serious labor problem to solve during 
the past twenty years. It may not be fully solved yet, but the tend- 
ency is to\vard cash 'wages rather than a snare of the crop. At first 
it was the only available method, as the freedman would not work 
for wages^ preferring to become a planter himself, grow his own 
CT( ps, control his own movements, and sell his own produce. The , 
result was not altogether satisfactory to himself and not at all to the 
owner of the land he cultivated. Not accustomed to self-restraint, 
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lie took too miicli time for amTisement or idleness^ entertained too 
much company, and ran in debt for subsistence. There were more 
industrious and wiser men among them who managed to accumulate 
something, and these, to secure greater independence and larger 
savings, have bought land. It is the statement of many of our cor- 
respondents that the once universal system is far less popular, is 
rapidly waning, and slowly becoming superseded by a return to the 
wage system, or to a cash rent, or its equivalent in cotton, at a cer- ‘ 
tain number of pounds per acre, or a given amount, a bale, a bale 
and a half, and in best lands 2 bales, or 1,000 pounds of lint cotton, 
for a one-horse farm, say 30 or 35 acres of cotton land, in some cases 
including other lands for pasturage. 

The share of the tenant who receives land only, and furnishes im- 
plements and supplies as well as labor, in the cotton States, is quite 
generally three-fourths of the cotton and two-thirds of grain or other 
products. Where the owner furnishes stock and implements, eu- 
tirely or partially, his share of the crop increases to one-half, and in 
some cases two-thirds. The range of allowance for land alone may 
be stated at one-third to one-fifth for cotton, which is very exacting 
in its labor requirements, from seed to gin. 

In some parts of South Carolina the laborer works four days for 
the use of a mule two days in cultivating his own crop. The charge 
for rent of horse or mule ranges from $25 to $40, as reported. Where 
land is rented, from $1 to $3 per acre is the usual range, according 
to quantity and productiveness; and the returns of lint cotton as 
rent of land is equally variable, from 500 to 1,000 pounds for a o'ne- 
mule farm (say 35 acres) ^ and in one instance 100 pounds per acre i^ 
reported, which appears to be an extreme rent. The tenant is usually 
allowed land for a garden, the privilege of taking fire- wood, and oftei] 
pasturage for a cow or two or several hogs. 

The share of the tenant in West Virginia is one-half to two-thirds, 
according to value and capabilities of the farm, he providing the 
stock and implements. Various forms of contract are made, in 
which the owner furnishes more than the land and obtains a larger 
share of the products. 

One-half to two-thirds is the ordinary rule in Kentucky; in some 
cases one-half of the tobacco and two-thirds of the corn. Some cor- 
respondents say oue-half of the corn and two-fifths of the tobacco. 

In some counties half of the corn is taken by the tenant and two- 
, thirds of the oats. 

In Ohio one-half to two-thirds is usually taken by the tenant. In 
same cases one-half of the hay and two-thirds of the other crops is 
the rule. There are various modifications of the contract. A ten- 
ant who has house, garden, and pasture may receive only half, when 
he might obtain two-thirds if he had the land alone. The Ottowa 
reporter says the most satisfactory plan is for the tenant to furnish 
half the stock, half seed, ?md pay half the tax on personal property 
and half the repairs, and divide equally the products. 

In Indiana the farm is usually taken at the halves.” Sometimes 
two-fifths or two-thirds is the custom. Where uplands are farmed 
for two-thirds or three-fifths, bottom-lands are sometimes taken at 
one- half. For labor alone the tenant gets one-third ; in best lands 
one-fourth. Similar practice prevails in Illinois, the tenant receiv- 
ing one-half, two-fifths, and sometimes two-thirds, according to h,nd 
and requirements aside from labor. In Douglas County one-third, 
of small grain goes to the tenant and two-fifths of the Indian corn 
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and broom-corn. On well-drained bottom-lands one-balf is the ten- 
ant’s oliare, while he gets two-thirds on less productive soils. 

The renter gets from one-half to two-thirds in Wisconsin. There 
' is considerable variation iii Minnesota, from one-half to three-fourths ' 
to tenant being reported. In Mower County “ the usual contract is 
for owners to furnish land, seed, grain, and . sometimes part of ma- 
chinery, and give one-half of crop.” In Rice '• one-half is given 
when the laborer furnishes his team, seed, etc.” This plan is reported 
for several counties. If the bare land or land with house is furnished, 
the tenant gets the larger proportion, two-thirds at least. In Dodge 
the prevailing usage is to furnish land, seed, and pay half the thrashing 
bill, owner and tenant dividing equally. The main cause of varia- 
tion is the relative productiveness of the farm; otherwise conditions 
depend upon what is furnished besides the land. 

The contract in Iowa is generally for one-third to the owner and 
two- thirds for the tenant, if the renter furnishes everything; other- 
wise the tenant gets half. In some cases it is half the Jiay and two- 
thirds of the grain, both harvested and garnered. In some cases the 
owner furnishes seed and pays half the thrashing bill, getting half 
of the crop. 

In Missouri two-thirds to the tenant is usual, when only land is 
, furnished, one-half to two-fifths when horses and implements go ' 
with the land, and one-third when the horses are fed in addition, 
and sometimes only one-fourth. 

The prevailing custom in Kansas is to give two-thirds to the tenant 
who furnishes everything but land, though the rule varies, and the 
range is from one-half to three-fourths. The compensation for labor 
alone is one-fourth to one-third. One-third to the owner for land 
alone, and one-third for labor done, the other third going for outfit 
. and feed of animals, to owner or tenant, whoever furnishes it. " In 
some counties it is said that there is more land broken than is culti- - 
vated, and land can sometimes be had free, especially tree claims be- 
fore the trees are set out. Two-thirds to the tenant furnishing all is , 
the usual custom in Dakota. When the owner furnishes land, house^ 
barn, all seed, and pays for half the thrashing, the crop is equally 
divided. 

Similar terms are given in other Territories. In Idaho a tenant can 
get land the first year free if he does the breaking. For labor alone 
one-third is usually given. Land and teams command one-half the 
product. When only land is rented three-fourths of the crops are ' 
sometimes taken by the tenant. * 

The contract most in vogue in California gives two-thirds to the 
tenant who furnishes the farm equipments, using only land. In ex- 
treme cases he gets three-fourths. In San Benito the tenant pays 
50 cents per acre and one-fourth of the produce. In Alameda and ; , 
, , other counties he receives three-fourths of the grain and two-third^ 
of the hay. Similar terms prevail in Oregon, in most cases the ten- 
ant receiving two-thirds of the crops. Very few farms are occupied 
by tenants in Washington Territory. Where the practice prevails 
the terms are like those of Oregon and California. . 
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INTERl^-ATIONAL STATISTICAL INSTITUTE. 

Great progress has been made in statistics in the past forty years, 
in the topical extension of statistical inquiry, in the machinery of 
collection, in accuracy of enumeration, in comprehensive co-ordina- 
tion, rational deduction, and general utilization of the results of 
statistical research. The atoms of statistics, the original data, are 
of little value if separate, but they are potent in statesmanship, polit- 
ical economy, and every branch of human effort and industry, if 
aggregated and correlated in comprehensive and symmetrical pro- 
portions. In these day of international commingling, by commerce, 
immigration, and travel, demand for statistics more comprehensive 
' than national statements have arisen, and international comparisons 
have therefore become an urgent necessity of progress in govern- 
ment, industry, and the arts. 

This want became so urgent that in 1853 there was organized at 
Brussels, largely through the instrumentality of M. Quetelet, the In- 
ternational Congress of Statistics. The second session was held at 
Paris in 1855 ; successive sessions were held at Vienna in 1857, Lon- 
don in 1860, Berlin in 1863; Florence in 1867, The Hague in 1869, 
St. Petersburg in 1872, and Buda-Pesth in 1876. They were largely 
attended ; there were 153 members at Brussels and 751 at Florence, 
the tendency being to constant enlargement, and the average of thu 
nine sessions being 486. A large amount of work was done, methods 
of investigation were improved, the world was made the field of 
statistical inquiry, valuable international statements were prepared, 
some of especial value to agriculture, in reference to superficial and 
productive areas of states, number and size of farm holdings, areas 
in various crops, and quantity of farm products. There were good 
reasons for its existence, and a fair show of good fruits of its life, 
and yet it has been dead for a decade. It died of plethora, of too 
much blood, some of it bad blood. It was an unwieldly body, so 
large that the highest statistical experience was overborne by force 
and pressure of inexperience. It was too loosely organized, its gates 
too easily passed, and hence its counsels were divided and the value 
of its results impaired. The sessions, each in succession held in a 
new location, were controlled by a local majority, rendering im- 
possible a settled and persistent policy of action. 

With this experience, valuable for its failures no less than for its 
successes, a new organization was effected in 1885, at the fiftieth or 
jubilee anniversary of the London Statistical Society, called the In- 
ternational Statistical Institute, a permanent institution, with mem- 
bership limited to official and scientific statisticians of recognized 
ability and experience. Its sessions are to be biennial, for more in- 
timate association and discussion of means of promoting interna- 
tional agreement in statistical methods and statements, while the 
main work in this line of progress is to be done ad interim by indi- 
viduals in harmony with the spirit of the Institute’s official work. 

The first meeting was called at Rome in 1886, but on account of 
the presence of cholera there in the summer months it was postponed 
from September to April of the present year. The session was opened 
on the 12th of April, under the presidency of Sir Rawson W. Raw- 
son, of London, who was assisted by Vice-Presidents Prof. Emile 
Levasseur, member of the Institute of France, and Prof. F. X. von 
Neumann-Spallart, of the Vienna University. The secretary was M. 
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Luigi Bodio, director-general of statistics of the Kingdom of Italy, 
and the treasurer, Mr. John'Biddulph Martin, the foreign secretar}^ 
of the Statistical Society of London. The following active members 
participated, representing the countries indicated: 

Great Britain. — Alfred Edward Bateman, Maj. Patrick George 
Craigie, Dr. Leone Levi, John Biddulph Martin, Dr. Frederic Jolui 
Mouat, Bichard Henry Inglis Palgrave, Sir Bawson W. Bawsoii; 

France. — Dr. Jacques Bertillon, Emile Cheysson, Alfred de Foville, 
Octave Greard, Emile Levasseur, Toussaint Loua, Leon Say, Dr. 
Leon Vacher, Emile Joachim Yvernes. 

Germany. — Dr. Ernst Engel, Dr. Wilhelm Lexis, Dr. George von 
Mayr, Dr. Adolph Wagner. 

Austria-Hungary. — Dr. Josef von Jekelfalussy, Dr. Charles Ke- 
leti, Joseph Korosi, Dr. Oscar von Meltzl, Dr. Franz Xavier Bitter 
von Xeumann-Spallart, Dr. Karl Theodor von Inama-Sternegg, Max 
Wirth. 

Switzerland. — Guillaume Edmond Milliet. 

Italy. — Gerolamo Boccardo, Luigi Bodio, Leoni Carpi, S. E. Cesare 
Correnti, Giacomo Costa, Giovanni Battista Favero, Dr. Carlo Fran- 
cesco Ferraris, Major General Annibale Ferrero, Fedele Lampertico, 
Luigi Luzzati, Agostino Magliani, Angelo Messadaglia, Carlo De 
Xegri, Maffeo Pantaleoni, Luigi Perozzo, Dr. Enrico Baseri, Vit- 
torio Ellena. 

Denmark. — Marius Gad, Dr. William Scharling. 

Russia. — Fr. von Jung Stilling, Xicolas Troiniteky. 

Norway. — Dr. Ole Jacob Broch. 

Spain, — Don Carlo de Ibanez. 

United States of America. — J. B. Dodge. 

There were also present and participating, by official invitation, 
the Duke of Torlonia, mayor of Borne, twenty-two members of the 
Italian Conseil Superieur de Statistique, professors of the University 
of Borne, directors of several branches of the imperial statistical serv- 
ice, and the minister of Brazil at Borne; in all, thirty-four persons. 

The first meeting of the first session of the institute, held in the 
palace of the minister of finance, was opened at 10 o’clock a. m., Tues- 
^ day, April 12. The president, on taking the chair, in behalf of the 
institute thanked the Italian Government for its hospitality, especi- 
ally in providing a place of meeting in one of its most beautiful 
palaces, and proposed to the assembly to constitute M. Grimaldi, 
minister of agriculture, industry, and commerce, by acclamation, an 
honorary member of the institute, an honor already conferred upon 
M. Magliani, minister of finance. M. Grimaldi then made an address 
^ of welcome, in which he referred to the dependence of politics upon 
science, and the aid of statistics in conferring significance ajid ele- 
vation upon the endeavors of statesmanship, and thanked the body 
for its coming to offer scientific contributions in aid of practical pol- 
itics. In this connection he said : 

Thus, gentlemen, between your studies and the labors of the politician there ex" 
ists a close bond. Statisticians and statesmen serve the same cause by different 
mearifs. Politics (I speak of the interior administration of civil communities) finds 
in statistics a valuable auxiliary, often a guide. It owes it much; it will owe it 
yet more, according as statisticians extend the scope of their researches and perfect 
the methods of their investigations. Therefore, gentlemen, the Italian Government 
is honored in the choice you have made of Rome for holding the fipt session of the 
institute, and receives you with a cordial sympathy. For a long time Italy has ap- 
prehended the role of statistics and the double interest that its works have for 
sciencb and administration. She has proved it. You have been witne^ of the efforts - 
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that she has not ceased to make since the foundation of the Kingdom to multiply 
in all useful ways researches of this kind, to direct and control them properly — 
thanks to a strong central organization— and to give to the results a large publicity. 
We salute, then, with pleasure, your institute, because it is itself the champion of 
a cause which is dear to us. 

He referred at soine length to the proposed work of the session, 
and discussed with much discrimination and appreciation prominent 
tojhcs of the programme, and said relative to the position of his own 
Government : 

You are well enough acquainted with our legislation to know that Italy has not 
remained indifferent to the amelioration of the condition of the masses, and that she 
has resolutely entered the movement which influences civilized states to give a lead- 
ing place to these grave questions upon the political programme of the day. 

The president, in response, expressed the grateful acknowledgment 
of the institute to the minister and the Government for kindliness, en- 
couragement, and support so generously lavished upon the infancy 
of this institution. Referring to the personnel of the membership, he 
said : 

I see before me a large assembly of men, many of whom occupy, among their 
compatriots, the highest positions, and who are themselves illustr:^ous by their re- 
searches and by their works. Why have they assembled here from all points of 
Europe and even from America ? 

He reviewed the progress of statistics, the development of the idea 
of international organization, from the creation of the first national 
society of statistics in London in 1834, and the origin of the Interna- 
tional Congress in 1853, tracing the movement of its progress to the 
ninth and last session in 1876, with suggestions from this experience 
for the guidance of the new organization. He urged an early effort 
for the preparation and publication of a complete bibliography of 
international statistics as an essential initiative to the international 
work proposed. 

After the delivery of these opening addresses, the perfecting of the 
organization became the first business in order, the revision of the 
statutes, in accordance with article 17. Amendments were presented, 
one of the most important being the restriction of membership to one 
hundred and fifty active members. These were discussed, acted on, 
and the entire constitution adopted, as amended, as follows: 

Article I, 

The International Statistical Institute is an international association which has for 
its object the development of the progress of administrative and scientific statistics: 

First. By seeking and recommending the proper methods to obtain, as far as pos- 
sible, uniformity in the schedules and in the compilation of statistical returns, in 
order to render comparable the results obtained in the different coantries. 

Second. By inviting the attention of governments to the questions to be solved by 
statistical investigations. 

Third. By preparing international publications destined to elucidate statistical 
questions, and to establish permanent relations between statisticians of all countries. 

Fourth. By co-operation, if there is occasion, by other publications, by instruction, 
and by various means of propagating statistical knowledge aiid interesting states- 
men and savajits in the investigation of social facts. 

Article II. 

As a general rule the International Institute will be held every two years. At each 
session the jjlace and time of the next session will be designated. In case the assem- 
bly makes no decision in this respect the deJignation will be made by the Bureau, 
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Article III. 

The International Institute is composed of titulary and honorary members. 

Article IV. 

t 

The International Institute chooses its members among men of diverse nations 
who are distinguished in the domain of administrative or scientific statistics, such 
as chiefs of official statistics, members of central commissions cr statistical bureaus 
of states or large towns, members of statistical societies, and other savants. 

The number of titular members can not exceed 150, but need not necessarily attain 
that figure. 

Article V. 

Before each session persons charged with a statistical service, who may not be 
members of the International Institute, may be invited by the executive committee 
to take part at the session and have deliberative voice, except in questions of interior 
administration and for elections. 


Article VI. 

There can not be accorded to the same state or to a confederation of states a num- 
ber of members exceeding the fifth of the total number of the members elected. 

Article VII. 

The title of honorary members can be conferred: First, on titular members; sec- 
ond, on persons who are popular in the domain of statistics. 

The honorary members receive gratuitously the publications of the International 
Institute, and enjoy all the rights and prerogatives of the titular members. 

Article VIII. 

At the end of each ordinary session it proceeds to the election of a president, two 
vice-presidents, one general secretary, and one treasurer, who enter immediately en 
funetion^ and constitute to the close of .the following session the Bureau of the In- 
ternational Statistical Institute. 

The members of the Bureau are re-eligible. 

Article IX. 

The Bureau is charged with the administration of the International Institute. 
The president, in case of urgency, takes the measures that he judges necessary, but 
communicates afterward his decision to the other members of the Bureau. 

Article X. 

The general secretary is charged with editing the official reports of the seances, 
and, in concert with the president, with the correspondence, with the publications, 
and the execution of the decisions of the International Institute, except in cases 
where the institute itself has provided otherwise. He has the care of the arcliives. 
His residence is considered the seat of the institute. 

The general secretary can associate with himself one or more secretaries or em- 
ployes to aid him in the exercise of his functions. 

Article XI. 

The treasurer is charged with the financial management and the keeping of the 
accounts. He presents at each ordinary session a report for the financial year& 
passed. 

Two members are designated at the opening of each session in the capacity of 
auditors to examine the report of the treasurer, who makes a report in course of 
the session. 
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Article XII. 


When the time arrives for the election of members of the International Institute 
the president distributes a month before the commencement of the session a list of 
all the names of whom the candidateship have been proposed to him with the signa- 
tures of at least five members of the institute. 

The election takes place by scrutin de liste unless five members claim individual 
ballot. Vote by correspondence is admitted ; in this case it is made always by bal- 
loting upon the list. 

It is required for election a majority of tliree-foiirtiis of the votes cast. In case 
two candidates have obtained the same number of votes for the same place, there 
will be a reballoting, at which only the members present will take part. 

The election of members of the Bureau is ma.de by secret ballot b}" individual vote 
and the majority of votes cast. The members present hav e sole right of suffrage. 

As a general rule, in the meetings of the International Institute the resolutions, 
except in the case of the election of members, are adopted after discussion by a ma- 
jority vote. 

Whenever there is vote by nominal call, the names of the members who have 
voted for and against, or who have abstained, are mentioned in the official rejDort. 


Article XIII. 

I ’ 

The International Institute names among its members reporters or constitutes 
commissions for the preparatory study of the questions which may be submitted to 
its deliberations, and for the composition and editing of special publications in the 
domain of international statistics. In the interval of the«sessions the same preroga- 
tive appertains to the ^Bureau; in case of urgency the general secretary, in accord 
with the president, prepares the reports or the conclusions. 


Article XIV. 


The International Institute will publish: 

First. A quarterly bulletin. 

This bulletin will contain: 

(a) Report of the sessions of the International Statistical Institute; 

(b) Reports upon the organization and reforms of the official statistics of the dif- 
ferent countries upon the changes in personnel, etc. ; 

(c) Works of international statistics; 

(d) Resume of the recent and most important works upon statistics; 

(e) An international bibliography of statistics, giving the catalogue of recent pub- 
lications, the contents of reviews, annual and bulletin periodicals of statistics. 

Second. An annual of international statistics. 

This annual will contain international statistical comparisons which will be estab- 
lished according to information furnished by the different countries. 

Article XV. 

The financial resources of the institute are: 

First. The assessment of the titular members, fixed at 1 pound sterling=20 marks= 
25 francs. These assessments are due from and include tlie financial year of the 
election. They give right to all the publications of the institute from the year of 
the election. 

The financial year dates from the 1st of July to the end of June. A delay of two 
years, not justified, in the payment of the assessment will be considered as equiva- 
lent to a resignation. 

Tlie assessment can be commuted by a sum of 10 pounds sterling=200 marks=250 
francs. 

Second. The assessment and subscriptions of the central commissions, official 
bureaus, and statistical societies of the different countries, which acquire thus a 
right to a certain number of copies of all the publications of the International Insti- 
tute for the current vear. 

Tliird. The endowments and other donations. 

It is proposed to form a reserve fund, the revenues of which will be applied to the 
expenses of the International Institute. 
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Article XVI. 


The present statutes will be revised by the assembly only upon the written request 
of twenty-five members. That request should be addressed to the president, v itli 
motions in support of it, at least three months before the opening of the session. 

It is quite impracticable to give in tlie present report more than a 
mention of the work of the institute during the session. The morn- 
ing hours were devoted to the sessions of the several committees, the 
principal of which related to lands, prices, census enumerations, 
labor, commerce, and the bibliography of statistics. 

In the committee on prices one session was devoted to the consid- 
eration of the best means of procuring and presenting records of 
mean prices of the products of agriculture, industry, and transporta- 
tion, to serve as a base to measure the variations of price at different 
periods and the divergency of price in different countries. 

The committee on landed property canvassed the best means of pre- 
paring comparative statements relative to the division of lands and 
upon the extent of agricultural holdings in different countries, show- 
ing the status of cultivators, whether proprietors, tenant farmers, or 
share-renters. In this committee a memorandum was submitted by 
Maj. P. G. Craigie, of England, which illustrated the wide variation 
in forms and methods* of inquiry, the divergence of definitions in such 
terms as ^^agricultural holding” and cultivated land,” the errors 
arising from resulting figures not strictly comparable, the confusing 
variety of grouping of returns of holdings, the failure of census rec- 
ords to show the number of land owners, and the failure to show 
with precision the number of separate properties. Belgium, f(;r ex- 
ample, enumerates the smallest areas, England those of not less than 
a fourth of an acre, the United States three acres, Hungary five. etc. 
After discussion, in which the members of different countries j .-re- 
sented the local usage and personal view of the difficulties to be sur- 
mounted, M. de Foville, of France, showed the practicability of at- 
tempting some agreement on the more important points presented, 
and a permanent international committee wa.s organized to collect 
the precise facts of, existing records and formulate a X)raeticable plan 
of unification of statements for international comparison. 

The committee on labor guve an entire morning to the considera- 
tion of mecins of procuring comparative data of the statistics of labor 
of different countries. Statements were made concerning researches 
and investigations in those directions in France, Italy, the United 
States, and other countries. Suggestions were made by several heads 
of statistical bureaus, and a committee was organized for more 
thorough investigation ad interim. 

The census committee held a long session in consideration of the 
differences existing in xmblications relative to census enumerations, 
and the means of rendering their facts more readily comparable. 
Another committee devoted considerable time to discussion as to the 
possibility and the means of rendering more comparable the results 
of official statistics of foreign commerce of different nations. Still 
another investigated the means of preparing for each country a cata- 
logue of publications, official and other, containing exact statements 
for each of the principal branches of statistics. These hints of the 
work of committees suggest some of the difficulties to be overborne, 
and afford a glimpse of the wide field of future vrork ad interim and 
at biennial sessions. 
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The afternoon sessions were mainly occupied with the reading of 
previously-prepared papers and discussions of their subject-matter 
by members. The principal of these were : 

^ Dr. Ernst Engel ; Consumption as a measure of the welfare of in- 
dividuals, families, and nations. 

M. Charles Keleti : Upon the food-supply of the Hungarian people. 

M. Cheysson : Forms for a monographie cV atelier. 

Dr. hleumann-Spallart : Upon a better method of appreciating the 
social and economic state of a country at a given epoch. 

M. Luzzatti: The difficulties which opjjose the establishment of a 
statistical comparison of the debts of states. 

Dr. Inama-Sternegg; The means of developing historical statistics. 

M. Emile Lavasseur: Study of the condition and movement of pop- 
ulation in France in the eighteenth century. 

M. Charles Ferraris<i Examination of the peculiar difficulties of 
tracing the movement of the precious metals in international com- 


merce. 

Dr. Leon V acher*: The diminution of mortality and increase of the 
average length of life in Europe. 

M. Kiaer: On the fecundity of marriages. 

Dr. Broch: On the consumption in Europe of modern stimulants — 
alcohol, colfee, tea, cocao, sugar, and tobacco— and on the receipts of 
states for imports levied thereon. 


TBANSPORTATIOH RATES. 

In complying with the requirements of Congress, through and local 
rates of freight have been ]3ublished in each monthly statistical report 
of this Department during the past year, showing the cost of trans- 
portation of all principal products of agriculture from the principal 
points of shipment in all parts of the country to large market centers; 
also tables of transatlantic rates over several of the more important 
steam-ship lines. All of the rates published are those in operation 
upon the first day of each month, and do not show the changes made 
between the reports. 

By carefully analyzing these rates, using those from Chicago to 
hTew York, as they are the basis of all rates over any of the trunk 
lines from points east to Yew York, it will be seen that they varied 
very little during the year, with the exception of the last month, 
when the rates upon live stock and dressed meats were greatly re- 
duced, and fluctuated from 3 to 5 cents a day for several days, owing 
to a disagreement between the American lines and the Grand Trunk 
Road as to the rates upon exports and dressed meats. 

January 1, 1887, the rates on cattle in car-load lots were reported 
at 35 cents per 100 ]3ounds, Chicago to Yew York, and continued the 
same until December 1, when they were reported at 16^ cents. 
Sheep, car-load, were reported at 45 cents, January 1; dropped to 
40 cents May 1, and December 1 to 19 cents. Hogs were 35 cents to 
July 1 and 30 the remainder of the year. Grain and fiour began 
with 30 cents, and from May 1 continued at 25 cents. Lard and pork 
opened at 35 cents, and from May 1 continued at 30 cents. Dressed 
beef continued at G5 cents from January to December, when it was 
reported at 31 cents. As a means of comparison the following table 
is presented, showing the rates per 100 pounds from Chicago to Yow 



596 


KEPORT OF THE COMMISSIdSTER OF AGRICULTURE 


York upon certain products, as reported by several trunk lines upon 
the first day of each month for the years 18S4, 1885, 1880, and 1887 ; 



Cattle, car-load. 

Sheep, car-load. 

Hogs, car-load. 

Months. 
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40 

45 

40 

30 

Ji5 

30 

30 

November 1 

20 

25 

35 

35 

40 

40 

45 

40 

30 

/Ur) 

30 

30 

December 1 

20 

25 

35 

IGi 

40 

40 

45 

10 

30 

gO 

30 

30 


Months. 

Grain and flour, car-load. 

1 Lard and pork, cai 

’-load. 

j Dressed beef, car-load. 

1884. 

1885. 

188G. 

1887. 

1884. 

1385. 

188G. 

i 

1887. 

1884. 

1885. 

1886. 

r 

! 1887. 


Cts. 

Cts. 

Cts. 

Cts. 

Cts. 

Cts. 

Cts. 

Cts. 

Cts. 

Cts. 

Cts. 

Cts. 

January 1 

30 

25 

25 

30 

35 

30 

30 

35 

64 

70 

434 

65 

February 1 

30 

25 

25 

30 

35 

30 

30 

35 

64 

70 

434 

65 

March 1 

30 

25 

25 

30 

35 

30 

30 

35 

64 

70 

65 

65 

April 1 

15 

20 

25 

30 

20 

25 

30 

35 

64 

70 

65 

65 

Mav 1 

15 

20 

25 

25 

20 

25 

30 

30 

64 

70 

65 

65 

June 1 

15 

20 

25 

25 

20 

25 

30 

30 

48 

•70 

65 

Go 

July 1 

20 

15 

25 

25 

2^5 

25 

30 

30 

48 

43 1 

65 

65 

August 1 

25 

20 

25 

25 

30 

25 j 

30 

30 

48 

m 

65 

65 

September 1 

25 

20 

25 

25 

30 

25 

30 

30 

32 

434 

65 

65 

October 1 

25 

20 

25 

25 

30 

25 1 

30 

30 

32 

43i 

65 

65 

November 1 

25 

20 

25 

25 

30 

25 1 

30 

30 

32 

434 

65 

65 

December 1 

25 

25 

1 

25 

25 

1 

30 

30 1 

1 

30 

30 

32 

434 

66 

31 


The following table shows the rates on wheat and corn from 
Chicago to Yew York, via the three great routes — lake and canal, 
lake and rail, and all rail — for the years 1876 to 1886, inclusive. The 
rates for 1886 were higher than for any year since 1880, Avith the ex- 
ception of the all-rail rates for 1883, Avhich Avere 1.12 cents higher on 
corn and 1.20 cents on wheat. 


Calendar year. 

1 

Com. 

A^Tieat. 

By lake 
and 
canal. 

By lake 
and rail. 

By all 
rail. 

By lake 
and 
canal. 

By lalm 
and rail. 

By nil 
rail. 


Cents. 

Cents. 

Cents. 

Ce?its. 

Gents. 

Cents. 

1876 

8.75 

10. 70 

15. 74 

9. 82 

n.36 

16.86 

1877 

f). 50 

14,03 

18.90 

11.09 

15.46 

20. 50 

1878 

8. S3 

10.53 

16. 52 

9.96 

12. 09 

' 17. 70 

1879 

10. 40 

12.20 

14. 56 

11.87 

13.13 

17. 74 

1880 

13.41 

14. 43 

17. 48 

13. 13 

15. 80 

19. 80 

1881 

7. 77 

9.42 

13. 40 

8.67 

10.49 

14.44 

1882 

6. 72 

10. 28 

13. 50 

7.23 

10.91 

14.47 

1883 

8. 03 

n.oo 

15. 12 

9. 01 

11.63 

16.20 

1884 

6. 55 

8. 50 

12. 32 

7.00 

10. 00 

13.20 

1885 

6. 30 

8.01 

12.32 

6.54 

9.02 

13.20 

1886 

\ 

8.45 

11.20 

14.00 

9.10 

12.00 

15.00 


TRANsSATLANTIC RATES. 

During the past year the cost of transporting our agricultural 
surplus to foreign m.arkets has been exceedingly Ioav, The year 
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opened firm at 5 pence per bushel for carrying grain from New York 
to Liverpool, but gradually declined to May i, when the rate was 
reported at l-J- pence; June 1, 2 pence; July, 2j- pence; August, 3 
pence; September and October 1, 2 pence ; November, 3i pence, and 
December, 3 pence. The true average rate for the year has not been 
ascertained, but the straight average according to the returns upon 
the first day of each month is 2.71 pence. These are steamer rates. 

As to sailing-vessel rates the follovhng is from a letter received 
from J. C. Brown, esq. , staotistician New York Produce Exchange, 
which shows that this business, once so large and profitable, has 
dwindled to practiced] y nothing. He says : 

I have consulted a number of the most prominent and best-informed freight agents 
here, who unanimously say that there is no business of the kind done between the 
ports you name in wheat or corn, practically all being done by regular steam liners, 
or by charter (steam) Cork for orders.” A thorough search of records from the be- 
ginning of 1881 discloses only 17 sailers carrying wheat or corn to Liverpool (these 
only as part ca,rgo), of which 10 sailed early in 1881, leaving but 7 within the period 
you name. The 10 in 1881 followed the noted “ Lyons corner.” Of the 7 within the 
period you name, 1 in 1882 (and the only one that year) carried corn as through 
freight from the West, and of the remaining 6, 3 in 1885 were taken at the time of 
the “ war scare,” and the securing of cheaper storage after arrival than if sent by 
steam undoubtedly was a factor in their being taken. The majority of these ves- 
sels are what you might term mere fugitives, belonging elsewhere, here by accident 
or chance, and taking grain as part cargo for weight to aid them in getting back 
where they belonged or had to go. Wheat by sail, New York to Liverpool, is a thing 
of the past. 


Average cost per bushel for transporting ivheat from New York to Liverpool, from 

186(5 to 1887, inclusive. 


[XoTE. — Pence reduced to cents at 2 cents per penny.] 


Years. 

Steamer rates. 

. 


Pence. 

Cents. 

18Gt) 

4. 74 

9.48 

18 j7 

5.18 

10. 36 

18G8 

7.18 

14. 36 

18G9 

6.4 

12. 98 

3870 

5. 78 

11.56 

3871 

8. 16 

36.32 

1872 

7. 64 

15.28 

1873 

10. 56 

21.12 

1874 

9. 0,'! 

38.36 

1875 

8.07 

36.34 

1876 

8.02 

16. 04 


Sailing-vessel 

rates. 

Years. 

Pence. 

j 

Cents. 

1877 ' . 


1 

3878 


1 

1879 


1 

1880 . . 


i 

1881 



1882 


I 

1883 . 

9.91 

19.82 ; 

1884 

7. 83 

15. 66 ' 

1885 

7. 12 

14.24 

1886 

7. 64 

15.28 

1887 


Steamer rates. 

Sailing-vessel 

rates. 

Pence. 

Cents. 

Pence. 

Cents. 

6. 93 

13. 86 

6.76 

13. 52 

7. 61 

15. 22 

7.09 

14.18 

6.2 

32.4 

5.9 

11.8 

5.88 

11.76 

5.1 

10.2 

4.08 

8.16 

4.75 

9.5 

3.87 

7.74 



4. 54 

9.08 

6.25 

32.5 

3.4 

6.8 

5 

10 

3.6 

7.2 



3.46 

6. 92 



2. 71 

5.42 




Average monthly prices paid for carrying grain from New York to Liverpool during 

the years 1884, 1885, 1886, and 1887. 


Months. 


January. . 
February 
March .... 

April 

May 

June 



Au<?ust . . . 
September 
October . . 
November 
December 


18CU. 

3885. 

1886. 

cx> 

00 

Pence. 

Cents. 

Pence. 

Cents. 

Pence. 

Cejits. 

Pence. 

Cents. 

2. 35 

4.70 

5 

10 

3.V75 

7.5 

5 

10 

2.24 

4. 48 

4.5 

9 

2.5 

5 

3. 5 

7 

1.5G 

O 1 O 
•J, J 

3 

6 

2.5 

5 

O 

6 

1.77 

3. .54 

4 

8 

3.5 

7 

3.5 

3 

1.25 

2.5 

3.5 

7 

4 

8 

1. 5 

3 

3.08 

6. 16 

3 

6 

4.5 

9 

2 

■ 4 

4. 71 

9. 42 

2. 75 

5.5 

i 3 

6 

2.5 

5 

4. 68 

9. 36 

3 

6 

o 

/V 

4 

3 

6 

3 

6 

3.5 

7 

3 

6 

2 

4 

4 

8 

4 

8 

4 

8 

2 

4 

5.79 

11.58 

4 

8 

4.25 \ 

8.5 

3.5 

' r* 

1 i 

6.37 

12. 74 

3 

6 

4. 5 j 

I 

9 

3 

6 
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TEANSPOETATION OP MILK. 

During the month of Jnly an investigation was made and pub- 
lished in the August crop report as to the charges for transporting 
milk to several of our largest cities^ and a comparison was shown with 
the foreign rates to London. 

FOEBIQlf MILK RATES. 

The four railroads carrying over 20,000,000 gallons of milk to Lon- 
don per annum are the London and Southwestern, Great Eastern, 
London and Northwestern, and Great Western. The mileage tariff 
of the London and Southwestern, which seams to be about the same 
as the other companies, is as follows : 


[Reduced to U. 6. currency on the basis of 2 cents per penny.] 


Miles. 

Cans of 6 
gallons. 

Cans of 9 
gallons. 


Cans of 12 
gallons. 

Cans of 15 
gallons. 

Cans of 18 
• gallons. 


s. 

d. 

Cents . 

s. 

d. 

Cents. 

s. 

d. 

Cents. 

s 

d. 

Cents. 

s. 

(7. 

Cents. 

10 miles and under . , 

0 

6 

12 

0 

7 

14 

0 

8 

16 

0 

9 

18 

0 

10 

20 

10 to 25 

0 

7 

14 

0 

8 

16 

0 

9 

18 

0 

10 

20 

0 

11 

22 

25 to 40 

0 

8 

16 

0 

9 

18 

0 

ao 

20 

0 

11 

22 

1 

0 

24 

40 to 50 

0 

9 

18 

0 

11 

22 

1 

1 

26 

1 

3 

30 

1 

5 

34 

50 to 75 

0 

11 

22 

1 

1 

26 

1 

3 

30 

1 

5 

34 

1 

7- 

38 

75 to 100 

1 

2 

28 

1 

4 

32 

1 

6 

36 

1 

8 

40 

1 

10 

44 

100 to 125 

1 

4 

32 

1 

6 

36 

1 

9 

42 

2 

0 

48 

2 

4 

56 

125 to 150 

1 

* 6 

36 

1 

8 

40 

2 

0 

4- 

2 

3 

54 

2 

6 

60 

150 to 175 

1 

8 

40 

1 

10 

44 

? 

2 

52 

2 

6 

• 

60 

2 

9 

66 


It will be seen that the difference in the cost of the several sizes of 
cans for 40 miles and under is 2 cents per can, while from 40 to 100 
miles it is 4 cents. These differences are proportional throughout 
the table, with one or two exceptions, according to the distance and 
size of cans. The greatest difference is the 18-gallon can, between 
100 and 125 miles, which is 12 cents, and between 40 and 50 miles, 10 
cents ; while between 125 and 150 miles the difference is only 4 cents. 

DOMESTIC MILK RATES. 

The rates on milk for long distances in this country generally are 
not as high as the foreign rates indicated above. For instance, the 
rates to jersey City for a 10-gallon can over the New York, Lake 
Erie and Western Railroad for 175 miles is 35 cents per can, which 
is 5 cents less than the foreign rate on a 6-gallon can for the same 
distance to London. For a short distance the foreign rate is much 
smaller, i. e., the foreign rate for 25 miles to London on a 9-gallop 
can is only 16 cents per can, while over the New York, Lake Erie 
and Western Railroad for twenty-five miles on a 10-gallon can is 
the same as for 175 miles, 35 cents per can. Over the Nev^ \ ork 
Central and Hudson River Railroad from all points on the Hud- 
son River and Harlem divisions to New York City, the long- 
distance rate, say 125 miles, for a. 10-gallon can of milk is 30 cents 
per can, while the foreign rate to London for the same distance on a 
9-gallon can is 36 cents. The foreign short-haul rate is, as in the 
case of the New York, Lake Erie and Western Railroad, much 
smaller than the domestic rate, which is the same as for a long haul, 
while the foreign rate for a 9-gallon can for 25 miles is 16 cents per 
can, or only 1 cent more than one-lialf of the domestic rate for the 
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same distance. The West Shore Railroad Company transports milk 
in 40-qnart or 10-gallon cans from Kingston^ 88 miles, and interme- 
diate points of shipment to Weehawken, a short distance from Jer- 
sey City, for 35 cents per can, and from Utica, ahont 230 miles, 38 
cents per can. 

Different railroad companies have different ways of charging for 
the transportation of milk. Some companies’ rates are by the can 
of a certain capacity, others charge a certain rate per quart, a few 
charge so much per gallon, and others a rate per 100 pounds. 

The rates over the Boston and Lowell Railroad to Boston, from 4 
to 220 miles, are as follows : 


[In cents per 100 pounds. ] 


Static 


n. 


North Somerville . 

Winchester 

South Wilmington 
North Billerica. . . 

Lowell 

Tyngsborough. . . . 

Nashua 

Amher.st 

Milford 

Wilton 

Greenfield 

Hancock 

East Harrisville . . . 
Cheshain 


Miles. 


'■j 

13 

2-3 


32 

40 

48 

51 

55 

GG 

74 

79 

85 



V 

8 

9 

12 

12 

IG 

17 

18 
20 
22 
23 
25 


Keene 

East Andover 

South Danbury 

Grafton 

Enfield 

Lebanon 

White River Junction 

Haverhill 

Woods ville 

Lisbon 

Littleton 

Bethlehem Junction . , 

Fabyans 

Groveton Junction 


Miles. Rate. 


9G 

1 

26 

100 

30 

no 

31 

118 

33 

133 

3^1 

140 

35 

145 

36 

IGO 


1G8 

38 

178 

39 

189 

40 

198 

42 

208 

43 

220 

45 


It will be seen by comparing the above rates with the foreign rates 
that they are much lower both for long and short hauls. The for- 
eign rate for a 12-gallon can, 10 miles, is 16 cents per can, while the 
rate, as shown above, for 13 miles is only 7 cents per 100 pounds, or 
about a 12-gallon can. For 100 miles, the foreign rate for a 12-gal- 
lon can is 36 cents, aiad for 175 miles 52 cents, while the domestic 
rate is only 30 and 39 cents, respectively, for a can of the same ca- 
pacity. 

A short statement showing the foreign rates for certain distances 
in comparison with the domestic rates may be of interest: 


Foreign rate, can of 12 gallons, per can. 


Domestic rate per 100 pounds, or a can of 12 gal- 
lons, per can. 


Miles. 

Cents. 

Miles. 

Cents. 

10 

16 

; 1 

13 

7 

25 

18 

26 

9 

40 

20 

40 

12 

50 

26 

51 

17 

75 

30 

74 

22 

100 

36 

100 

30 

125 . 

42 

133 

34 

150 

48 

145. 

36 

175 

52 

178 

39 




I 


The tramsportation of milk over the Fitchburg Railroad to Boston 
is done by special contracts. In response to a letter of inquiry the 
general freight agent says : 

We liave no published tariff .applicable to this traffic, all the business being done 
by special contracts. The business over this road is done by two contractors, one 
running three cars to Boston as follows: 
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From Littleton, 31 miles; Hudson, 34, and Concord Junction 22 miles, with the 
privilege of carrying 900 8-quart cans per day per car, at a charge of $14,000 per 
year. The other party runs 1 car from Leominster to Boston, 45 miles, and 1 from 
Greenville, N. H., to Ayer, 23 miles, at a charge of $9,000 per year, with the privi- 
lege of carrying the same quantity of milk as in the other case. 

The Baltimore and Ohio Railroad Company furnishes rates on milk 
to Baltimore as follows: 

Per gallon- 


For 30 miles and under $0.02 

Between 30 and 40 miles 024 

Over 43 miles * 03 


The rates on milk in the West around Chicago are not as high 
generally as they are in the East, as compared with the distance 
transported. A few statements showing the rates to Chicago and 
Saint Paul are here presented : 


Chicago, Burlington and Quincy Railroad Company . 


[In cents per can. ] 


To Chicago from — 

Miles. 

Eight-gal- 
lon cans. 

Four-gal- 
lon cans. 

Riverside 

11 

15 

10 

La Grange 

14. C 

15 

10 

Downer’s Grove 

21 

15 

10 

Lacton 

22 

15 

10 


24 

15 

10 

Naperville 

29 

35 

10 


34 

15 

10 

Aurora ... . . . . 


20 

10 

Montgomery 

40 

20 

10 

Osweero . . . . 

43 

20 

10 

Bristoe 

46 

20 

10 

Yorkville 

49 

20 

10 


52 

20 

10 



-■ 



Chicago and Alton Railroad Company. 
[In cents per can.] 


To Chicago from — 

Four-gal- 
lon cans. 

Eight-gal- 
lon cans. 

Ten-gal- 
lon cans. 

Summit 

10.25 

13. 25 

16.25 

Mmint, Eorpst 

10. 5 

13.5 

16.5 

Willow S'Drinp'S 

10.75 

13. 75 

16.75 

TiPimnnt 

11.5 

14.5 

17. 5 

Romeo 

12 

15 

18 

Lockport 

12. 25 

15. 25 

18.25 


12. 75 

15.75 

18.75 






Chicago, Milwaukee and Saint Paul Railway. 

[In cents per can.] 


Applying between all stations for distances of — 

Ten-gallon 
cans or 
under. 

Eleven to 
twenty gal- 
lon cans. 

25 miles and under 

20 

30 

26 miles and not over 59 miles . 

30 

40 

60 miles and not over 100 mUes 

40 

50 
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Chicago and Northwestern Nailway. 

[In cents per can.] 


To Chicago from- - 

Eight- 

gallon 

cans. 

Ten- 

gallon 

cans. 

To Chicago from— 

Eight- 

gallon 

cans. 

Ten- 

gallon 

cans. 

Galena Division Air Line. 



Fox River Line — Continued. 



Oak Park 

15 

19 

Ringwood 

20 

24 

Wheaton 

15. 5 

19.5 

Richmond 

21 

25 

Geneva 

15.8 

19.8 

Lake Geneva 

22 

26 

Aurora 

IG 

20 




Elburn 

Ki.5 

20.5 

Wisco] isin Division. 



Maple Park .• 

17 

21 




Cortland 

17.5 

21.5 

Irving Park 

14 8 

13.8 

De Kalb 

18 

22 

Jefferson Park 

15 

19 

Malta 

19 

23 

Arlington Heights 

15. 5 

19.5 

Creston 

20 

i' 

Cary V V 

15. 8 

19.8 

Rochelle 

20.5 

24.5 i 

Crystal Lake 

IG 

20 

Flag 

21 

25 i 

W oodstock : . . 

17 

21 

Ashton 

22 

26 

Hartland 

17.5 

21.5 

Franklin Grove 

23 

‘■>7 i 

Harvard Junction 

18 

22 

Nachusa 

24 

28 

Lawrence 

19 

23 




Sharon 

20 

24 

Freeport Line. 



Clinton Junction 

21 

25 

Wayne 

15.8 

19.8 

Chicago and Milwaukee Line. 



Elgin 

16 

20 




Gilberts 

17 

21 

Ravenswood 

14.5 

18.5 

Marengo 

19 

23 

Rose Hill 

14.9 

18.9 

Belvidere 

21 

25 

Evanston 

15. 3 

19.3 

Cherry Valley 

22 

26 

AVinnetka 

15.5 

19.5 




Lake Forest 

15. 8 

19.8 

Fox River Line. 



Waukegan 

IG 

20 




Kenosha 

17 

21 

Dundee 

16.6 

20.6 

Racine 

18 

22 

AlPTmnin'n 

17.3 

21.3 

County Line 

20 

24 

McHenry 

]9 

23 

Oak Creek 

21 

25 


Chicago, Saint Paul, Minneapolis and Omaha Railway. 

[In cents per can.] 


To Saint Paul and Minne- 
apolis from- - 

Five- 

gallon 

cans. 

Eight- 

gallon 

cans. 

Ten- 

gallon 

cans. 

Jordan 

10 

16 

20 

Belle Plaine 

11 

17.-6 

22 

East Henderson 

12 

19.2 

24 

Le Sueur 

12.5 

20 

25 

Saint Peter 

13.5 

21.6 

27 

Mankato 

14.5 

23.2 

29 

Lake Crystal 

15 

24 

30 

Saint James 

16 

25 

32 

Dundee 

16.5 

26.4 

33 

Adrian 

17 

27.2 

34 




To Saint Paul and Minne- 
apolis from — 

Five- 

gallon 

cans. 

Eight- 

gcilion 

cans. 

Ten- 

gallon 

cans. 

Beaver Creek 

17.5 

28 

35 

Lake Elmo 

10 

16 

20 

Stillwater 

10 

16 

20 

River Falls 

12 

19.2 

24 

Hersey 

13 

20.8 

20 

Rusk 

14 

22.4 

28 

Eau Claire 

15 

24 


Fairchild 

16.5 

23.4 

38 

Weights 

17 

27. 2 

34 


The general freight agent of the Chicago^ Rock Island and Pacific 
Railway Company writes, relative to milk rates over that road to 
Chicago, as follows* 

We publish no tariff on this commodity. Agents are furnished with milk tickets, 
which they sell the same as they do passenger tickets. Our charge is uniformly 18 
cents for 10-gallon cans and 15 cents for 8-gallon cans. These rates cover transpor- 
tation not exceeding 40 miles. 
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RAILKOAD CONSTRUCTION IN 1887. 


During the latter half of the past year many estimates were made 
of the number of miles of railroad that would be constructed during 
the year 1887. These estimates varied greatly^ ranging from 9,000 
to 12,000 miles, but none were seen higher than 12,000. A detailed 
statement, published in the Railway Age, of Chicago, December 30, 
1887, shows that 364 lines, rex)resenting 42 States and Territories, 
constructed an aggregate of 12,724 niiles. While these figures 
may be changed somewhat, they are no doubt as close a] 3 proxima- 
tions as can be obtained at this date, and are sufficient to show the 
immense railway growth, especially in those States whose resources 
are as yet undeveloped. The number of miles constructed and not 
yet reported will no doubt swell the aggregate to nearly, if not 
quite, 13,000 miles. The statement showing the mileage by States 
is as follows : 


Number of lines and miles of tracks laid during the year 1887, exclusive of sidings 

and main-line track relaid. 


States. 

Lines. 

Miles. 


Lines. 

Miles. 

Maine 

- 2 

31 ^ 

Wisconsin , 

1 11 

363 

New Hampshire 

1 

23 ; 

; Minnesota i . . 

9 

196 

Massachusetts 

i 5 

55 

Dalcota 

17 

760 

New 'SUrk 

I () 

97 i 

Iowa \ 

10 

352 

New Jersey 

I 2 

15 i 

Nebraska . . . 

17 

1,101 

Pennsylvania 

I 13 

125 ^ 

Wvoming 

3 

j;i3 

Maryland 

1 

18 

Montana . . . . 

i 

616 

West Virginia 

3 

53 

1 Kansas 

44 

2 , 070 

Virginia 

4 

64 ! 

1 Missouri 

16 

554 

North Carolina 

10 

184 1 

Indian Territory . . « . . , ... 

5 

499 

South Carolina 


104 ! 

1 Arkansas . ...... 

8 

153 

Georgia 

8 

231 1 

Texa,s 

19 

1,055 

Florida 

10 

193 ! 

Coloi’flflo 

9 

818 

Alabama 

15 1 

515 

New Mexico 

1 

4 

Mississippi | 

.5 i 

99 

California 

14 

358 


4 

65 1 

1 Idaho . . . . ... 

2 

54 

Tennessee 

10 

68 

i Utah 

1 

6 

Kentucky 

8 

168 

Arizona, 

2 

70 

Ohio 

14 

155 

Oregon . . 

4 

48 

Michigan 

13 

700 

AVa.siiino’toji . .... 

3 

108 

Indiana 

9 

115 




Illinois 

12 

328 

Total 

364 

12,724 



1 

1 




The above figures show that the year 1887 was one of unprece- 
dented activity and far surpasses in extent of mileage any one year 
of railway construction in this or any other country. The greatest 
number of miles constructed in any previous year was 11,568 in 1882, 
which was thought would not again be equaled; but the above fig- 
ures, 12,724, although incomplete, show an increase of 1,156 miles, 
or 10 per cent., over 1882, and should these figures be increased to 
13,000 miles, which is not at all improbable, the increase would be 
1,432 miles, or 12.4 per cent. 

Nearly three-fourths of the railways constructed during 1887 were 
in the Western States. Dividing the country into two parts by the 
Mississippi River, we have 9,383 miles, or 73.7 percent, of the whole, 
on the west, and 3,341 miles, or 26,3 per cent., on the east. Of the 
amount constructed v^est of the Mississippi River, seven States and 
Territories claim 6.934 miles, or 73.9 per cent. , and are in order as fol- 
lows : Kansas, 2,070; Nebraska, 1.101; Texas, 1,015; Colorado, 818; 
Dakota, 760 ; Montana, 616 ; and Missouri, 554 miles. 
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There are five States which show no increase of construction, viz, 
Vermont, Connecticut, Rhode Island, Delaware, and Vevada. 

Poor's Manual of Railroads for 1887 gives the railway mileage of 
the United States at the close of 1886 as 137,686 miles. By assum- 
ing that the mileage for 1887 will approximate 13,000 miles we have 
the immense aggregate of 150,986 miles, which is three or four times 
greater than any other country in the world. A brief comparison 
of the annual increase of railway mileage during the x^ast ten years 
may be of interest: 

3Iiles of railroad constructed each year from 1878 to 1887 , hiclusive. 


Years. 

Miles. 1 

i 

j Years. 

Miles. 

1878 

1 

2,629 
4,746 1 

1883 


6,741 

3,825 

3,608 

9.000 

1879 

1884 


1880 

6. 876 i 

1885 


1881 

0.796 ! 

1886 


1882 

11, o68 j 

1887 


-13,000 


Estimated. 


co:n^clusiok 

The facilities for statistical work have been increased during the 
year. The mission of the Statistician, in the spring of 1887, for the 
investigation of statistical methods of European governments, and 
the exchange of official publications, and procurement of printed 
data illustrating the rural economy of European nations, resulted 
in obtaining valuable information concerning the organization, ap- 
pliances, purposes, and results of statistical offices of the principal 
countries, and a collection of printed reports which constitute an 
invaluable addition to the reference library of the office. 

The Statistician had time only for a hurried investigation of the 
systems of Italy, France, Austria, Germany, and Great Britain. 
The representative of the Dex)artment in London, Deputy Consul- 
General Edmund J. Moffat, did a similar duty in connection with 
the Holland and Belgium service. 

The Statistician desires to recognize gratefully the courteous and 
willing assistance received from officials everywhere in his efforts to 
learn the aim, sccme, and methods of each official organization for 
statistical work. This effort vms the more difficult and complicated 
from the diversity of organization and function — such divergence 
and lack of unity as exists in the scattered statistical bureaus and di- 
visions of different Departments of our Government. The ministers 
of the United States and the consul-generals located at Rome, Paris, 
Vienna, Berlin, Brussels, and London rendered with alacrity any 
needed aid in facilitating introduction to officials and |)romoting 
the efficiencv of the investigation. Where all were courteous 
it may seem invidious to particularize, but it may be 
especially to recognize the assistance and kindness of Statisticians 
Luigi Bodio, director-general of Italian statistics, and V. Miraglia, 
director-general of agriculture, Rome, Italy; Alfred de Foville, chief 
of the bureau of statistics of the ministiy of finance, and M. Tisse- 
rand, director of agriculture, Paris; Robert Giffen and Alfred Edward 
Bateman, of the board of trade, London; and Patrick George Craigie, 
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secretary of the chamhers of agriculture, London; Von E. Blench, 
director of the imperial bureau of statistics, Berlin; Dr. Karl Theo- 
dor von Inama-Sternegg, chief of the imperial statistical commis- 
sion, Vienna. The late lamented vice-president of the International 
Institute, whose death has been recently announced. Dr. Franz 
Xavier von Xeumann-Spallart, of the Imperial University and other 
institutions of Austria, was also assiduous in his efforts to facilitate 
the investigation in Vienna. 

The information thus obtained, and the publications filed for ref- 
erence, will prove of great advantage in international comparisons. 
The work of the International Institute, in collecting and co-ordi- 
nating data for uniform international statements, is continued ad 
interim through committees in various specific lines of investigation 
and must result in a great advantage to agricultural, commercial, and 
scientific education throughout the world. In this work the United 
States should accept its full quota of effort and reap its fair projDor- 
tion of advantage. 

J. E. Dodge, 

Statistician, 

Hon. XORMAN J. COLMAN, 

C 0 71 m ii Gsioner. 



REPORT OF THE CHIEF OF FORESTRY DIVISION. 


Sir: The subject-matter which has been prepared for this report 
has been found to be of such special interest that it has appeared 
advisable to issue the report as a separate publication^ and it remains 
for me here only to refer to one phase of the subject therein pre- 
sented, which is not only of general interest but at present the most 
important forestry question of national concern. 

It has been apparent for some years that the nation or the Gov- 
ernment should in some way interest itself specially in the proper 
development and maintenance of one of her choicest natural re- 
sources, the once so-called ‘^inexhaustible” forest wealth. 

The reasons for such special interest in this class, of national prop- 
erty are fourfold. 

It has become evident, in spite of the enormous supplies which 
seemed to be available, that our natural forests are being rapidly re- 
duced, both by an increased demand and by wasteful practices; and 
it is now safe to say that the annual consumption of wood and wood 
products is at least double the amount reproduced on our present 
forest area. The forest, under proper mianagement, is capable of 
furnishing continuous crops, and therefore, as a source of constant 
supply, demands national consideration. 

It has become evident that with the unrestrained scourge of lire 
and the destruction by herding and other malpractices now preva- 
lent, and in the absence of all rational forest management, not only 
is the remaining forest deteriorated in material value, but large 
tracts of land are converted into absolute deserts or useless barrens. 
A sound land policy, therefore, demands that the nation should give 
earnest attention to forest management. 

It has become evident that we are not to escape the consequences 
of disturbing the even distribution of water-flow^ by forest devasta- 
tion and denudation of mountains and hills which have been expe- 
rienced in other parts of the w^orld, and which have reduced fertile 
lands to barrenness, prosperous communities to poverty. 

Regard, therefore, for the future welfare of the several communi- 
ties which in their aggregate represent the nation calls for a rational 
forest policy, a proper utilization, a proper distribution, and a proper 
management of the natural forest. 

Lastly, if the nation as such is interested in the proper develop- 
ment of the rich agricultural lands of the plains and prairies, it must 
be interested also — in that part of its domain at least — in forest plant- 
ing as a means of ameliorating climatic conditions and making the 
region more habitable. 

This fourfold aspect of the forestry problem presents itself for con- 
sideration to every nation, and nation after nation has recognized 
its importance and acted accordingly. With the exception of Eng- 
land, which by its insular x^osition is excex^tionally situated, all the 
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European governments have properly-equipped forest administra- 
tions. Russia, the English colonies in Asia and Australia, Japan, and 
even China have recognized the necessity for action in this direction, 
and have acted. The United States alone, among the civilized na- 
tions, has as yet failed to perceive the wide hearing which a proper for- 
est policy has upon the material and moral development of a country. 

While it is gratifying to note that interest in the forestry problem 
is growing in every section; while the discussions on the same have 
assumed a more precise and practical character; while in some of the 
States a dawning of what the forestry question really means is observa- 
ble, yet we can not say that the importance of the question is at present 
adequately appreciated by the mass of our people, or even by those 
directly interested; nor can we say that there is a disposition on the 
part of those who shape the future, of this country to give even an 
earnest consideration to this great interest, which, to be sure, affects 
fhe future rather more than the present. 

Let it not be overlooked that the State, represented in its legisla- 
ture, is not only -the representative of the interests of the community 
as against those of the individual, but also a representative of future 
interests as against those of the present; let us not forget, too, that 
the forest is a kind of trust, of which only the usufruct belongs . to 
the present, and that to draw upon its capital is a perversion of the 
trust which can only be excused by direst necessity. Every civilized 
country has found by severe experiences that private interest is not 
sufficient to protect the forest property of a nation and that the State 
or the community must exercise a supervision of forest management, 
in those regions at least where the forest subserves other functions 
than those of merely supplying material. 

It is not the forest that is valuable and would appear worth his 
protection to the individual, but the timber wdrich the forest yields. 
As soon as that is gone the value and the interest for the individual 
is gone. The individual man plans for his pocket and his own short 
life; only the collective and protracted life of the State is fitted to deal 
with the protracted life of the forest and with interests not measured 
by pecuniary considerations alone. The interest which the com- 
munity has in the forest is transcendent; the continuation and pro- 
tection of the forest cover is of significance to the continued welfare 
of the community, especially in the mountain regions, and the mount- 
ain forests will therefore be in safer hands with the community at 
large — with the State. 

This brings us to the question that I wish to discuss in the few 
pages allotted to me in this report: 


WHAT IS THE FIEST DUTY OF THE GENEEAL GOVEENMENT IN EE- 

GAED TO THE FOEESTEY QUESTION? 

The answer will be apparent to everybody after the presentation 
of the following facts: 

. The General Government still holds, as an individual national 
property, a forest area the extent of which is unknown, but may be 
estimated between 50,000,000 and 70,000,000 acres. The bulk of these 
lands is to be found on the rugged mountain sides and crests of the 
Western ranges, notably the Rocky Mountain, Cascade, Sierra Ne- 
vada, and Pacific coast ranges, mostly land not fit for agricultural 
use. The agricultural valleys at the foot of these ranges are not 
only destitute of timber, but they are dependent for their agricultural 
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productions ux30ii irrigation, tlie water for which, is derived from the 
mountain streams and more rarely from artesian wells, both of which 


sources are fed by the rains and snoYv^s Yvdiich fall upon the forest- 
covered mountain sides and gradually find their way to the plain 
below. As has been repeatedly stated and explained elsewhere, and 
proved not only by experience but by actual experiment on a large 
scale, the forest cover regulates and beneficially influences the ra- 


pidity with which these precipitations are carried to the plain for 
utilization on agricultural lands. 

After entire cantons had been impoverished by the action of tor- 


rents, due to deforestation, the French Government found it neces- 
sary to interfere, or rather, interference coming too late, to assume 
or aid in the work of reforestation. The construction of vast reser- 


voirs to retain the surplus waters in flood time, the construction of 
stupendous dams, and the embankment of river courses were first 
suggested as remedies for the evil, just as our ambitious engineers 
are now proposing. But these were soon found not only to be imprac- 
ticably costly but to create new dangers, perhaps greater than the 
old, since the mountain reservoir might burst at any time and the 
embanked river was certain to rise to a dangerous level above the 
surrounding plain. The wiser plan of reforestation was finally re- 
sorted to, with results which have now proved the wisdom of that 
measure. Austria and Italy, under similar conditions, after sending 
commissions to France to study the effects of reforestation, have 
begun similar work. Since the year 1860, the French Government 
acting in co-operation with the local communities, it is estimated that 
over 250,000 acres of mountain lands have been reforested, at a cost of 


* There has been of late much discussion as to whether or not there exists any rela- 
tion between forest cover and rain-fall, and records of meteorological data have been 
brought forward to show tliat in Ohio, for instance, deforestation, if anything, had 
the effect of increasing rain-fall, while no increase of rain-fall has been noticeable in 
Kansas since tree-planting began there. How little value is to be attached to the 
use of the records on hand for showing any interrelation between tree-growth and 
rain-fall may be inferred at once from the fact that these same records can be and 
have been used to pro\ e exactly the opposite influences, showing, without reference 
to the causes, that an increased precipitation in the Western regions is observable. 
In fact, outside of tiie special observations which have been made in Germany, and 
less satisfactorily in France, there are no data, at hand for definitely proving either 
the existence or the absence of forest influences on the humidity of the atmosphere. 
This influence, as probably most forest influences, is of local character; .the extent 
to which it is felt is limited, and can be measured only by special records for each 


locality. 

It is not unreasonable to believe tliat the influence of a forest area upon rain-fall 
may be exactly the opposite from beneficial to the plain beyond, and yet this does 
not alter the proposition that an influence exists. If, for instance, a large uninter- 
rupted forest area were lying towards the side of the rain-bringing winds, it is 
possible that the condensation to which the cooler and relativel}" moister air above 
the forest would give rise might drain the clouds before they had passed on to the 
plain, and thus a partial removal of the forest growth might be promotive of moist- 
ure on the plain. The reasoning that a large, dense forest cover of the soil, suffi- 
ciently large and dense to create a considerable difi'erence of temperature and 
with it of moisture in its air strata, should exeri an influence upon precipitation 


seems to be sound; but while the actual existence of such influence seems to have 


been locally observed it is not, as a general proposition, proved or disproved. 

That the transplanting in Kemsas should have beeji sufficient t create such differ- 
ences of atmospheric conditions as are necessary to exert an influence upon rain 
clouds is at least doubtful, and tJie reasons abo^ e given for the increase of rain-fall. 


if any, seem more tenable. 

Meanwhile, the well-proved mechanicai influences of forest-growth on the even 
distribution of the fallen rain through the year in springs, brooks, and rivers out- 
weighs all other considerations for practical purposes. 
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$30,000,000, the state paying one-half. In addition, about 200,000 
acres of sand dunes have been brought under forest cover, and 375 
miles of torrential streams have been secured. 

It is estimated that $34,000,000 more will have to be expended be- 
fore all the lands devastated by forest destruction will be recuperated. 
The total appropriation for the forestry department of France for 
the year 1887 was $5,000,000, of which nearly $700,000 was ^^for the 
conservation and restoration of mountain districts by reforesting 
and resodding. ” 

The forest areas vdiich are still in the hands of our General Gov- 
ernment are mostly situated under similar conditions as these areas 
of our sister republic, France; by their position they assume similar 
significance and ought to receive the same consideration from the 
community as those properties which, like air, water, roads, etc., are 
administered with a view to the common welfare. 

The present condition of this forest area on the Rocky Mountain 
ranges has been carefully ascertained and is described in a special re- 
port, prepared in the Forestry Division and now in the hands of 
the printer. 

By reference to the accompanying map, which exhibits the forest 
areas and main irrigation ditches in the Rocky Mountain States and 
Territories (excepting Utah), it will be found that the areas noted as 
covered with timber, compared with the timberless areas, are ex- 
tremely small and confined mostly to the higher mountain ranges. 
This report will also show that much of the area is but thinly covered 
with trees and much of it culled of its best timber and by wasteful 
practices and fire deteriorated in material value. 

The irrigation systems which, as stated, are dependent upon the 
mountain streams are only in their infancy, if compared with the 
large areas which, with the aid of irrigation, are capable of being 
utilized for agriculture. Almost the same conditions exist in southern 
California, except that the forest is of less account and what remains 
in worse condition, while on the northern Pacific coast most valuable 
tracts of heavy timber are rapidly passing from Government into 
the hands of lumbermen, but more often of speculators and large 
syndicates with foreign capital. Altogether, the timber in the region 
west of the prairie States can not be said to occupy lands needed or 
even fit for agricultural purposes, but covers, as already noted, the 
broken ridges, hills, and mountains, these forests in the main being 
more valuable on account of their position than of their material 
value, except on the northwestern coast. 

It should also be stated that the forest growth in this region con- 
sists almost entirely of coniferous trees, which are x>ropagated by 
seed alone, and that the climate is in many parts not favorable to 
the germination of seeds nor to the life of seedlings, except under 
proper protection. 

What disposition is being made of this valuable property of the 
nation, and what means are employed to guard and protect it against 
deterioration and waste? 

There are five ways in which a citizen may acquire either the land 
or the timber on it: 

(1) In California, and on the Pacific slope generally, any bona-fide 
settler can secure as much as 160 acres at $2.50 per acre, a price from 
ten to. thirty times less than the true value. The condition of the 
law to be fulfilled is that he shall hold tliis property ''for his own 
use.” But it is well known that most if not all the purchases have 
















































I 


/ 


r^IVISION OF FORESTRY. 609 

^ been made with the purpose of relinquishing the land as soon as possi- 
ble to some large lumbering corporation or syndicate, which, in fact, 
has often paid men to perjure themselves in taking up such lands. 

(2) In the Southern States it has been possible to buy Government 
timber lands at $1.25 per acre. Most of these have probably been 
disposed of and are held by speculators and lumbermen and not by 
the agriculturists, whom it was avowed this disposition of land was 
to benefit. 

(3) Every land-grant railroad, in addition to its share of the land 
grant of 75,000,000 acres and the right of way, is permitted to cut 
timber “ for first construction, adjacent to the line of its road.” But 
the railroads do not construe ^^construction ” and adjacent ” exactly 
in the sense in which the lawgivers did, and they have cut wherever, 
whenever, and for whatever purpose they chose. 

(4) Those who take up a homestead or pre-emption claim upon 
timber land are also given the right to clear as much timber as is 
necessary for the development of their claim and improvements be- 
fore they have acquired title. But it is known that most settlers on 
such lands do not exert themselves to procure the title after they have 
got the timber off. 

(5) Lastly, any resident citizen may cut all the timber he needs for 
mining and domestic purposes upon lands which are designated as 

mineral lands,” a term which will defy definition even by an e:k:pert. 

Without going into a detailed account of the history which relates 
to the. disposition of public lands and the various ways in which at- 
tempts were mad© to protect the forest property from spoliation, it 
can be stated as a result of an examination of the reports of the Gen- 
eral Land Office that at all times these attempts at protection have 
been futile, from the fact that no adequate means were allowed for 
this purpose. 

That the timber on the public domain had a special value and also 
that it needed, like all movable property, to be looked after and pro- 
tected, was recognized by the Act of March 2, 1831, for the care and 
custody of public timber land, which established a system of agencies 
under the supervision of the Solicitor of the Treasury. When, in 
1854, the management of the timber interest was transferred to the 
General Land Office, and the registers and receivers were expected to 
act as timber agents without additional pay, an exceedingly liberal 
construction as to the rights of taking timber, and naturally a lax 
enforcement of any laws, prevailed until 1877. In 1878 a special 
appropriation of $25,000 was made to meet the expenses of sup- 
pressing depredations upon timber on the public lands. ” 

In fact, until 1876 all the action taken against timber stealing, 
when discovered, was the collection of stumpage; and an attempt 
was made to levy, in the discretion of the receivers, a regular quar- 
terly tax from saw-mill men, without sanction of the law. From 
the year 1872 annual appropriations had been made for this service, 
amounting in the aggregate to $48,000 ($45,624.76 expended). 

In 1877 the Commissioner of the Land Office instituted a service 
of special agents to prevent or detect timber trespass, and this sys- 
tern has prevailed ever since. As to the efficiency of the present , 
methods of protection no words need to be added to the following 
'table, which exhibits the results of the administration of this public 
property during thetlast seven years, showing that 'the depredations 
whicl\ were discovered upon the public timber land amounted to over 
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$5,000,000 annually in the average, and that out of this hul little 
inore could he recovered than enough to pay the salaries of the few 
agents employed ostensibly for the protection of this property: 


Year. 

1 

Value of 
timber re- 
ported.stolen. 

Amount 

recovered. 

Appropria- 
tion for pro- 
tective ser- 
vice. 

Number 
of agents 
employed 
in the 
aggregate. 

1881 

$891,888 
2 , 044, 278 
8, 144, 658 
7, 289, 854 
2, 862, 530 
9,339,679 
6, 146,935 

$41,680 
77,365 
27,741 
52, 108 
49,451 
101,086 
128,642 

$40,000 

40.000 

75.000 
75,000 
75,000 
75,000 
75,000 

17 

1882 

31 

18^ 

25 

1884 

26 

18a5 

23 

l88(> 

. 21 

1887 

26 


Total 

36,719,935 

478,073 

455,000 

24 



During the same time the protests of the Commissioners of the 
Land Office, appearing in the annual reports, stated that it was im- 
possible with the appropriations and forces at command to stay the 
wanton, wholesale devastation and destruction of the public timber; 
but their protestations have remained unheeded. 

Every one of these reports deals lengthily and in detail with the 
depredations and devastation by ax and fire, the deficiency of funds 
with which to counteract them, with the feeling of the law-abiding 
citizens in regard to them, the necessity of preserving at least the 
forests at the headwaters of streams, and with the proposed changes 
of administration. 

The report for 1887 contains a chapter especially illustrative of the 
manner in which a small minority, unchecked, defrauds the nation 
which every citizen who feels himself a part of this great Govern- 
ment ^^of the people, by the people, for the people will do well to 
ponder over. 

Such is the moral aspect of our present condition in regard to our 
public timber lands and the reasons for a change in our forest policy. 

' Under the j)i*esent conditions not only is it made difficult for the 
resident population to supply itself with the needed timber in an 
honest way, but the danger of doing so in opposition to the law en- 
tails an enormous and needless waste. Acres of timber are felled in 
anticipation of a possible use, but are commonly left to rot on the 
ground because their haulage may become too risky or the depre- 
dator finds it difficult to dispose of the timber; and consequently it 
furnishes food to the ever-recurring annual fires, which destroy also 
not acres but miles of standing forest, and no legal dispos’tion of the 
burned timber can be made. It is well attested by men acquainted 
with the manner of timber-cutting on the Pacific slope that those 
who may cut timber legally on mineral lands, homesteads, or timber 
entries have no interest except to satisfy a present need, for they cut 
timber regardless alike of future supply, proper management, or of 
favorable forest conditions, utilizing only that part of the tree which 
is readily available and leaving the remainder to rot or burn. Local 
supplies are waning in many parts of this region, but no intelligent 
and systematic management, such as would insure a full utilization 
and continuity of the timber, is encouraged under the existing laws 
and regulations. While, in view of the needs of local mining opera- 
tions, this is an ^undesirable prospect, especially to mines yielding 
only low-grade ores, which will not allow the burden of heavy charges 
for the importation of their mining timber^ at the same , time the 
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r--^^ver_ consequences of the situation will be readily understood by 
tnuoO who have studied the history of deforestation and forest de- 
vastation in southern France, Switzerland, Austria, Spain, Italy, and 
those far eastern countries which compare somewhat in climatic 
conditions with the regions in question. 

Not only is the forest cover of the mountain crests destroyed when 
it might have yielded continuous supplies, but at the same time 
agriculture in the valleys below is fix'st endangered and then made 
impossible. 

The regularity of water supplies is all-important in regions where, 
as in most of the plains of Montana, Wyoming, Colorado, Utah, 
Noav Mexico, and southern California, agriculture is dependent upon 
the aid of irrigation. This is being interfered with when the mount- 
ain sides are laid bare, allowing the rains to run off as from a roof 
and the snows to melt and the water to pour down in torrents at a 
time when more than enough water is on hand, and when the hus- 
banding of ihe supplies for a later season is highly desirable. 

' Other consequences, such as an increase of snow-slides and land- 
slides, the washing of debris into the valleys, have begun to make 
themselves felt, and it can be only a question of tirue when we must 
reach such a state of things as was brought about in the mountain 
districts of France, Switzerland, and the Tyrol. 

During the summer of 1887 the writer undertook, at his own ex- 
pense, a journey through the Rocky Mountains in order to become 
acquainted with the region which, as will have appeared, must be of 
the greatest immediate interest to the National Government with 
reference to forestry work. As the journey was underta;ken in con- 
nection with meetings of the American Institute of Mining Engi- 
neers, an excellent opportunity was afforded to meet and ascertain the 
views of one of the most intelligent classes of the population — ^those 
engaged in mining. It was admitted everywhere that the present 
conditions of administration have become insufferable, and that the 
practical forestry work of the Government should first of all be di- 
rected to the protection and proper administration of its timber lands. 

The desirable legislation for such action on the part of the Gov- 
ernment, outlined in my . last year’s report, has been more fully 
formulated after the personal inspection of local conditions afforded 
by my journey, and is embodied in a bill providing an administra- 
tion by which the Government forests may not only be protected 
against fraudulent practices and against the ever-raging forest fires, 
but which also recognizes the local needs for wood and lumber and 
provides for their sure, honest, and ready supply. 

The essential features of this bill, which has been submitted to 
Congress through the agency of the American Forestry Congress, 
are as follows : 

The withdrawal from sale or other disposal of all woodlands still 
in the hands of the Government and the classification of the same into 
three classes is provided for. 

The lands found to be of agricultural value, but wholly or par-' 
tially timbered, are to be open to entry under the homestead or other 
laws, but an appraised value for the timber shall be paid by the set- 
tler, excepting for the timber on 5 acres, which he may hold under 
a ‘‘settler’s license,” without any payment other than a nominal 
license fee of The timbered lands on the lieadwaters of streams, 
or other timber lands unfit for agriculture, shall not be sold, but the 
timber on the same may be disposed of under a system of licenses* 
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The sections of the bill providing for these licenses are perhaps the 
most important part of the proposed legislation, and as they are 
novel in their form are here given in full : 

The disposal of timber for domestic purposes shall be made by means of licenses, 
as follows, namely: 

(1) A prospector’s license shall be granted to any applicant by the local (dis- 
trict) inspector upon the payment of two dollars. Such license shall confer the 
right to prospect for minerals upon land falling under the provisions of this act, and 
also the right to cut without waste and under the general regulations of the forestry 
board and the supervision of the rangers, timber for the first construction of shan- 
ties, prospecting shafts, and other necessary structures from the territories nearest 
to the prospector’s claim or claims. Such license shall be good only for the district 
in v/hich it is taken out, and shall end at the expiration of one year from the time 
of its issue, or whenever, sooner than that, the claim is perfected or the prospecting " 
is abandoned. 

(2) A settler’s license shall be granted to any bona-fide settler having no timber on 
his claim by the local (district) inspector upon the payment of two dollars. Such 
license sliall confer the right, for one year, to cut for the licensee’s own use only 
and fbr domestic purj)oses timber, fuel, and fence material, without waste and under 
the general regulations of the forestry board, upon an area of five acres which the 
licensee may designate near his settlement. 

(3) A timber license shall be granted to any bona-fide settler or mine operator or 
manufacturer, for the purpose of allowing }iim to supply himself or others with 
timber, fence material, or fuel, upon the payment of a license fee of five dollars and 
the further payment before beginning to cut any timber of a sum equal to one dol- 
lar for each and every acre embraced in his license, and, in addition, a stumpage of 
not less than one cent per stump actual count, before the removal of the timber. 
Such license shall be granted for one year and shall confer the right to cut the tim- 
ber on not less than forty nor more than eighty acres, the same to be selected by 
the applicant and the selection to be approved by the local officer. 

That all licenses provided for as heretofore stated shall be in printed forms, and 
shall be issued, upon an order from the district inspector, by the receivers of public 
money upon the payment of the license fee. Licenses shall be numbered in suc- 
cession, as applications for them are made, and priority of application shall deter- 
mine the order in which they are granted. The district inspector shall receive ap- 
plications for license on certain days of each week, to be published and made known 
by them. They shall keep open books, in which shall be recorded in proper order 
applications for license and tiie action taken upon them, with the names and resi- 
dence or i^ost-office address of the applicants. The inspector shall also notify the 
rangers of each license granted in their ranges, and the rangers shall be required to aid 
licensees in locating their claims. No unused “ settler’s license” or “ timber license” 
shall be renewed unless good cause is shown for its not having been previously psed, 
nor shall any license be granted to any person who in the use of a previous license 
has not complied with the regulations of the forestry board. No license of any 
kind shall be transferred from one coihpany to another and continue to be Valid 
unless the transfer of the same is authorized by the forestry board. 

That the timber on lands of the first class which is not needed for mining or 
agricultural development in the neighborhood shall be disposed of to lumbermen 
or others, as it may be applied for under a “ lumberman’s license ” in quantities not 
less in amount than that standing or being on one section nor more than that being 
oh twenty-five contiguous sections. Such license shall be granted, upon the payment 
of a fee of twenty-five dollars, by the Commissioner of Forests with the approval of 
the Secretary of the Interior, under the conditions stipulated in the act, and shall 
confer the right to cut timber and sell the same from as many sections or acres as 
have been located and paid for. The licensee shall also pay one dollar per acre for 
the whole number of acres covered by his license before he may begin operations 
and not later than six months after the granting of said license. And a further 
charge of not less than one cent per cubic foot shall be paid by the licensee after the 
timber has been cut and before the same is moved. Such license shall be good for 
two years, and in all cases in which not more than ten sections of timber are em- 
braced in the license it shall not be renewed more than once for a longer term than 
two years. Vf here the license embraces more than ten sections of timber the sande 
rule shall apply in regard to its renewal as in the case of licenses for a less amount 
of timber, except that for every five sections above ten embraced in the license there 
may be a renewal of the license for one additional year. No licensee shall be au- 
thorized to apply for or take out a second ‘ ‘ lumberman’s license ” until he shall Ijave 
cut and disposed of three-fourths of the timber to which he is entitled by the license 
previously given, ' , 
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That all applications for “ lutnberman’s license” are to be made to the Coramis- 
sioner of Forests, and must be accompanied by a statement of the location and ap- 
proximate amount of the timber sought by the applicant, together with a certificate 
of the local forest inspector to the effect that the lands on which such timber is sit- 
uated are of the first class and not covered by any of the local licenses as provided 
in the act, nor presumably needed for such within a reasonable time. Such appli- 
cations shall be considered in the months of August and September only, and no 
license shall be granted before at least three months have expired from the date of 
application and the same has been advertised three times in three local papers, if 
there be so many, of the district in which the licensee intends to locate. If the same 
location is sought by more than one applicant priority of application shall not rule 
as to applications made in the same month, but the apx^lication for the smallest loca- 
tion shalj In such case receive first consideration. And wherever a survey of the 
location is necessary the applicant shall pay half of the expense of such survey, and 
whenever the licensee begins operations upon his location he must notify the local 
forest inspector, and all cutting and disposal of the timber and other forest products 
shall be done under the supervision of the local inspector and in accordance with ^ 
such regulations as the Commissioner of Forests shall prescribe. 

To insure a- proper administration of such a la^y , to prevent waste 
ajid loss by fires, and to esta.blish the nucleus for the future forestry 
system of this great nation which we must ultimately adopt, a new 
bureau in the Department of the Interior is proposed, with a forest 
commissioner and four assistant commissioners, acting as a forestry 
board. A division into districts of proper size of the forest lands 
and forest reserves remaining under the control of the forestry board, 
and a thorough organization of a local service with forest inspectors 
and rangers, is also provided. 

This is no doubt a thorough- going reform of the present settlement 
and disposition laws, which the Public Lands Commission of 1883 
has characterized as ^‘the cancers that destroy the public timber 
lands.” 

None but such a thorough organization can be expected to guard 
the national property, of which under the present neglect tlie nation 
is annually robbed to the extent of from $5,000,000 to $10,000,000, 
not counting the damage done by fires, the passing of timber lands 
by frand into the hands of speculators, and the amount of timber 
w^hich is lega-lly obtained by railroad companies and others. 

But, as has been stated repeatedly, the forest cover in the locali- 
ties in which the bulk of the public timber lands is situated, notably 
on the Rocky* Mountains and the Pacific slopes, subserve a function 
which makes its material value of only secondary importance. It 
has become already evident that the denudation of mountain sides in 
the region under consideration has impaired the regularity of water- 
flow, upon which irrigation in the arid valleys below depends. 

Preserved in continuous reproductivity, the natural foi'est cover 
presents better and cheaper water reservoirs than the artificial struct- 
ures which are already talked about and for which millions of dol- 
lars will he asked by the irrigators and ambitious engineers. 

The interest of the nation, therefore, in properly administering this 
property reaches beyond that of any material advantage. 

And certainly in these mountain forests, in this legislation for tlieir 
proper administration, lies the immediate riatioiial interest in forestry. 

The Forestry Division, without forests, without means and oppor- 
tunities to engage in active, practical f ore^stry work, can do hut little 
good, except by furnishing information wliich may guide the legis- 
lator or the forest manager, the planter or the consumer of wood, 
and by bringing the influence of the Department to hear in modify- 
ing the existing methods of treating the f o rests. 

To satisfy the demands of these varioiiis interests a large number 
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of subjects claims the attention of him wh"o proposes to furnish such- 
information, so that it becomes difficult to determine which interest 
should claim foremost attention. 

With the increasing need of rational fore-stry a closer study of all 
matters pertaining to it will become necessary, and to aid the student 
of forestry as well as to furnish a basis for the work of the Division, 
a system has been devised and, in the report, illustrated with copi- 
ous examples, showing the manifold disciplines which must engage 
the attention of the student of forestry. Asa presentation of this 
system will enable the general reader to form an idea of what for- 
estry really is, space is here given to a bird’s-eye view of the same: 


SYSTEM OF FORESTRY INVESTIGATIONS. 

A. — Scientific basis of forestry. 

I. — Forest biology. — (Consideration of the growing crop.) 

1. Timber and foi’est x^hysiology. Life history of species in their indi- 

vidual and aggregate life. 

2. Forest geography. Floras and their distribution. 

3. Study of forest weeds in theit relation to forest growth, 

II. — Timber physics. — (Consideration of the grown crop.) 

1. Anatomy of woods. 

2. Chemical physiology of woods. 

3. Physical properties of woods. 

4. Influences determining the physical properties. 

5. Diseases and faults of timber. 

III. — Soil physics and soil chemistry. — (Consideration of the conditions for 
growing a crop.) 

B. — Economic basiis of forestry. 

I. Statistics. 

1. Forest areas. 

2. Forest products. 

3. By-products. 

4. Prices, trade, substitutes. 

II. — Technology. — (Applied timber physics. Needs of wood consumers.) 

1. Methods of harvesting (lumbering) and preparation for market, in- 

cluding improvement of machinery. 

2. Economy in the use of product. 

a. Utilization of waste material. 

b. Methods of increasing the durability of timber. 

3. Special needs of consumers of forest products. 

III. Forest policy. — (Determining the relation between forestry and the ob- 
jects and purposes of the State.) 

1. Forest influences. 

a. Influence on temperature and electricity. 

b. Influence on humidity and rain-fall. 

c. Influence on winds. 

d. Influence on water-flow. 

e. Influence on soil,, formation of avalanches, shifting sands, dunes. 

f. Influence on health and fertility (and ethics). 

2. Commercial peculiarities, position of forestry in political economy. 

3. History of forestry. 

4. Forest police, formulation of the rights and duties of the State and 

of its methods in developing forestry; legislation. State forest ad- 
ministration, education. 

C. — Practical basis of forestry. 

I. — Origination of the forest. 

1. Artificial afforestation. 

a. Procurement of seed and other plant materiaL 

b. Nursery practice. 

c. Clioice of kinds for pure and mixed growth. 

d. Methods of preparing soil. . , 

e. Methods of forest planting. 

2. Natural reforestation. 

a. From seed. 

b. From the stump. 
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C. — Practical BASIS OF FORESTRY— Continued. 

ir , — Management of the forest and forest regulation. 

1. Methods of irh proving and accelerating the crop. 

a. Cultivation. 

b. Filling. , “ 

c. Thinning. 

d. Pruning. 

e. Undergrowing. 

' . 2. Methods of improving forest conditions. 

a. Road-making and facilities of transportat'ion. 

h. Survey, division into blocks, and booking (describing) area. 

c. Protection against fire, water, shifting sands, climatic influences, 

insects, cattle, abuse of pasturage, etc. 

3. Methods of management. 

a. Timber forest. 

h. Standard coppice. 

0 . Coppice. 

d. Method of “ selection” and other methods. 

4. Forest regulation. 

a. Ascertainment of rate of accretion ; methods of determining ac- 

cretion in mass; value; yield. 

b. Ascertainment of proper rotation and determining yearly or 

periodical cut. 

c. Regulation of the use of forest by-products. 

III. — Harvest. 

1. Methods of cutting with a view to natural reproduction ; progressive 

fellings. 

2. Methods of securing most thorough utilization of product. 

Besides the needs of the student of forestry and of the forest 
planter there remains the necessity of aiding in a general enlighten- 
ment of the people regarding the meaning of the forestry move- 
ment, for we still expect that the intelligence of the people will bring 
• about those economic reforms for which in the older countries the 
initiative is taken by the Government. For this reason a consider- 
abel amount of missionary work has been done by the Division 
during the past year and has entailed upon the writer the prepara- 
tion of not less than ten addresses upon as many different aspects of 
the forestry question, given before forestry and horticultural asso- 
ciations, State boards of agriculture and other societies, lectures de- 
livered in various places, the writing of many letters o£ advice on 
general and special g^uestions, and of circulars of information, etc. 
Some of the latter will be found reprinted in the separate annual 
report, as also other matter of interest to all classes of readers. A 
special chapter has been devoted to the subject of experimentation, 
giving in detail the directions in which forestry experiments may be 
profitably extended by the State agricultural stations, endowed as they 
are by national appropriations. Another chapter reviews briefly 
the condition of forestry interests in each of the States and Territories. 

It must not be overlooked that the foresti'y problem is an essen- 
tially different one for every section of our country. 

In New England and the* Northeastern States it involves probably 
the solution of the questions, what can we do to make the natural 
forest areas more quickly and more fully productive in the future ? 
how can we best make our waste places 'valuable by forest growth ? 
and how can we best protect forest property ? In the South the 
question may be, how can we utilize our timber to best advantage 
without impairing the continuity of the forest as a valuable prop- 
erty ? On the prairies, what can we do to secure in the quickest and 
most permanent manner such forest growth as will bring climatic 
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Sir : I have the honor to sribmit herewith my sixteenth annual 
report. 

Since the publication of my first official bulletin^ in 1884, relating 
to the microscopical methods of detecting butter substitutes, there 
has been a continued demand for information on this subject from 
all parts of the United States, extending to Great Britain, France, 
Germany, etc. 

The inquiry for more and fuller information respecting this branch 
of my division comes from a large number of those more or less in- 
terested, professionally, in the classification of animal and vegetable 
fats as determined by microscopical observations. Farmers, dairy- , 
men,, inspectors of butter and milk, presidents of boards of health, 
physicians, chemists, microscopists, and the general public have 
expressed a deep interest in this subject. 

■ In my first experiments, a notice of which was published in the 
New York Quarterly Microscopical Journal, 1879, vol. 2, with illustra- 
tions, and also in the Scientific American for the same year, I found 
that the detection of oleomargarine was comparatively easily accom- 
plished with the lower powers of the microscope and plain trans- 
mitted light. The material, as then sold, was highly crystalline, 
and animal tissues, even to minute blood vessels, were found in it. 
About this time the managers of an oleomargarine factory in Balti- 
more, Md. , supplied me with samples of their oleomargarine, by an' 
examination of which I was able to convince them that their prod- 
uct contained animal tissues and other impurities. They soon de- 
vised means to remove these impurities in the process of manufact- 
ure. But tjie object of my labor being rather to detect oleomargar- 
ine than to purify it, it became necessary to improve my methods 
for this purpose, as, by the employment of skilled chemists, the com- 
position became more and more difficult of detection by means of 
plain transmitted light only. I therefore resorted to polarized 
light, which enabled me to distinguish the forms of tiie respective 
f^s found in oleomargarine compounds. 

With regard to the differentiation of crystals of butter and fats, 
as shown under the microscope, great progress has been made during 
the past year, not only in the methods of determining one fat from 
another, but also in the production of very superior micro-photo- 
graphs of them, and still further in the reproduction of these, by ^ 
newly improved photo-mechanical processes. But no process of re- 
production will ever wholly represent the minute structure of the 
fatty crystals as viewed by the microscope, for reasons obvious to ex- 
perts. ' 
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OTHER INVESTIGATIONS. _ 

■f ' 

During the. year I have also made a large collection of Palm and 
and other fibers, but in consequence of lack of sufficient help and 
pressing demands for- information regarding fats and oils, I have ‘ 
been unable to make any extended investigations in this direction. 

, Independently of these investigations a large number of examina- 
tions have been made for various correspondents throughout the 
-United States, such as < f milk and bacon supposed to have been 
poi oned ; adulterations of textile fibers ; tests of the fibers of ramie, 
mulberry, and the century plant as to the texture and purity; the 
samples having been furnished by parties engaged in the manu- 
facture of machinery for separating fibers from the gum and bark 
of the plant ; improved flour from Ohio ; certain investigations 
for the superintendent of the propagating gardens : water from a 
condemned pump in the city of W ashington, found to be very inipure, 
demonstrating that the action on the part of the board of health had 
been justifiable; investigation of certain poisonous plants for the 
Army Medical Museum which were supposed to have caused the 
death of an inmate of the Soldiers’ Home in this city; well water 
containing animal organisms; a sample of 100 pounds of fat picked 
up in mid-ocean, at first taken for ambergris, found to be fluorescent 
under the sulphuric acid test; a new edible mushroom, found in 
Florida, examined and reported upon. This species is greedily eaten 
by cats. Examination of spices as to their purity, received from a 
wholesale firm in Baltimore, Md., and many other investigations of 
greater or less importance have been made in behalf of the farming 
and commercial interests. 

INFLUENCE OF SPECIAL BREEDS. 

In the course of these investigations, through the courteous co- . 
operation of breeders and owners of valuable herds of cattle, I have 
been supplied with samples of butters of registered milch cows of 
different breeds in various parts of the United States. 

My object has been to ascertain whether butter crystals are modi- 
fied in form, color, etc., by breed, climate, marked changes of feed, 
or other conditions. These investigations are comparatively limited, ' 
yet the practical results have a substapitial value, as shown by my 
large collection of photographs representing the crystals of these 
butters. 

Figs. 1, 2, 3, 4, and 10, Plate 1, represent the general form of the 
aggregations of crystals obtained from butter of the Shorthorn Dur- 
ham cow. They are mostly smooth, globose bodies, yielding in a few 
days secondary crystals of a rosette-like form, which appear first in 
the center of each globose body. The globose bodies finally dissolve 
in the oil in which they float. A few secondary crystals are seen in 
Figs. 1 and 2. Figs. 7 and 9 represent secondary only, which change 
in time to the highly stellate or tertiary form seen in Figs. 8 and 11. 
These, in turn, gradually degenerating, become, to all appearances, 
under- low powders, amorphous granules, though in point of fact they 
are composed of minute spicules very difficult to determine even by 
high powers qf the microscope. Butters of all breeds pass through 
these changes. 

■There appears to be a tendency in the butter crystals of Shorthorn 
ajid of the cross-breeds, as, for example, J ersey and Shorthorn, to 
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maintain the outline characteristic of their respective forms, as rep- 
resented in Fig. 6, hut crystals of Shorthorn butter are foiind which 
exhibit the broken outline, as in Fig. 5, which is more like a Jersey 
butter crystal. 

Fig. 6 represents groups of butter crystals from a cross of Short- 
horn w'ith Jersey. The two upper globose bodies are typical of the 
Shorthorn, while the two lower large bodies exhibit a broken outline 
somewhat resembling Fig. 5, common to Jersey butter. 

Figure 10 is a photograph taken by Professor Detmers, of the Ohio 
Experiment Station, from butter of thoroughbred Shorthorn milch 
cows, furnished him by Mr. Chester, of Columbus, Ohio. He in- 
forms me that this butter, on being boiled and cooled in the usual 
manner, presented, under polarized light, quite a large number of 
crystals of exceedingly beautiful appearance, perfectly round, and 
having a very smooth border. I may here remark that Mr. Chester . 
feeds large quantities of corn to his thoroughbred Shorthorns, which 
possibly may have some influence upon the crystalline formation of 
the butter.’’ 

Figs. 1 to 7, Plate 2, represent the aggregate crystallizing forms • 
of Holstein butters. It will be observed that only one of these illus- 
trations, No. 6, exhibits secondary crystals. The butter of the Hol- 
stein milch cow seldom exhibits secondary crystals. 

Figs. 1 to 12, Plate 3, represent groups of butter crystals of Jersey 
milch cows. The most remarkable bodies in the group, Figs. 8 apd 9, 
represent rather the form peculiar to crystals of beef fat than to butter. 
They represent mostly crystals of the secondary type, and seem from 
evidence from two sources to be modifications, the result of a feed con- 
sisting partly of boiled cotton seed. Prof. Edward Mayes, Oxford, 
Miss., the owner of the Jersey cow that furnished the butter, writes 
that the feed consisted of corn meal, timothy, and cotton seed.” A 
letter from J. Stanley Pope, Tougaloo, Miss., gives the following in 
relation to feeding raw cotton seed : 

Yours of the 14th duly received. The butter is from a milking of six Ayrshire 
cows, all registered. It has been very dry here, so that pasturage is short, and the 
cows were eating a weed that grows rankly here, and it made the milk exceedingly 
bitter. I do not know whether it would modify the crystals or not. 

Their i^asturage was Bermuda grass and Lespidoza. They were being fed one 
peck of raw cotton seed per day ; no grain of any kind. Raw cotton seed mak^ a 
lardy butter. Of course feed has much to do with butter, and I do not regard raw 
cotton seed as good feed. 

It is hoped that the effect of cotton seed on butter crystals may be 
further investigated at the experiment stations. 

The crystalline form of butter must be necessarily modified by the 
quality and quantity of the feed, for the reason that the proportions 
- of the fatty proximate principles of the plants on which cattle feed 
vary, some containing more oil than solid fat. The solid fats tnem- 
selves vary very much in their proportions of stearin and palmitin. , 
Plants generally contain a much larger proportion of palmitin and 
oil than is found in the fat of most animals. , 

OLEOMARGARINE AND BUTTERINB. 

In all my experiments in the examination of butter substitutes, 
sold under whatever name, oleomargarine, butterine, etc. , I have 
found but a trace of butter present in any sample. 

On boiling decomposed oleomargarine, generally, a slight odor of 
casiene is perceived, showing the presence of butter, but no more 
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tliaii would be occasioned by clmrning milk with a mixture of oleo’ 
and ‘^neutral” lard. I have examined many samples of oleomar- 
garine, received directly through agents from several of the largest 
factories in the United States, the object of the purchase being un- 
known to the proprietors, receiving a guaranty that the samples were 
of their best make, and have found that in each case they contained, as 
before stated, but a trace of butter. On crystallizing these samples 
by boiling and cooling them, the small crystals peculiar to ‘ ‘ oleo ’’ 
and lard, ‘‘ neutral’^ lard, were found. 

I have examined ten samoles of butter-like substances, forv/arded 
to the Microscopical Division by Hon. J. K. Brown, dairy commis- 
sioner for the State of l^ew York. All of them proved to be fictitious 
butter. Several of the samples consisted of stearin, cotton-seed oil, 
and lard, colored to imitate butter. 

Many samples bought for butter and afterwards suspected as oleo- 
margarine proved on examination to be rancid butter, having a 
strong order of butyric acid. 

USE OF TERMS. 

Some scientific men, even chemists, frequently use the terms beef 
fat, ‘^oleo,” and stearin indiscriminately in discussions relating to 
the crystallography of fats. 

Pure beef fat consists chiefly of the glycerides of stearic, palmitic, 
and oleic acids. V ariations in the proportions of these fatty acids 
constitute the only essential difference between beef fat, “oleo,” and 
lard. It is evident, therefore, that when changes are made in the 
proportions of these proximate principles of the fats, either by ab- 
straction or addition, as in ‘‘oleo,” it leads to confusion to apply the 
term beef fat to the new artificial compound. 

OLEO. 

“Oleo,” a term applied by manufacturers of butter substitutes to 
a product expressed from beef fat, consists of olein and palmitin, 
with a very little stearin, the latter being a residue left in the press 
after the oil has been extracted by hydraulic pressure. The object 
of the manufacturer is to separate the stearin from the olein and 
palmitin, and thus obtain a product, “oleo,” which approaches the 
composition of milk, butter. “Oleo,” therefore, it will be under* 
stood, does not represent be$f fat, much less does the separated 
stearin. i 


STEARIN. 

Stearin is a glyceride of stearic acid. It does not crystallize as 
quickly as stearic acid, although much more rapidly than butter or 
lard. Were an ounce eac*h of butter, lard, stearin, and stearic acid 
heated simultaneously in porcelain capsules and allowed to cool in 
a still atmosphere at a temperature of about 70 ^ F. , the stearic acid 
would chill and crystallize first, then the stearin, then the butter, 
and lastly the lard. Were an ounce of stearin and an ounce of 
butter melted together and cooled at the same temperature as above 
the compound would harden in thirty minutes to the consistency 
of tallow. An ounce of lard and dU ounce of butter thus treated 
would not harden in less than from eight to ten hours. 
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STFARIC ACID. 

The crystals of - stearic acid differ materially from those of stearin. 
Pure stearic acid crystallizes quickly at ordinary temperatures. If 
a portion as small as a grain of mustard seed is placed on a slip of 
glass and gently heated over a spirit-lamp, a thin disc of glass being 
placed over and in contact with the acid while hot and then viewed 
by polarized light, crystals may be observed shooting out in all direc- 
tions ill characteristic forms. ^ 

COMMERCIAL STEARIN. 

In the extraction of oleo oil from beef fat, or other varieties of 
fat, by means of hydraulic pressure, as in the manufacture of oleo- 
margarine, a bi-jiroduct, known as stearin, is obtained. It is said that 
no manufacturer of good repute ever uses this crude fat in the pro- 
duction of butter substitutes, because of its indigestible character 
and for other reasons. In the course of my experiments I have found 
it necessary to examine and test samples of crude stearin. Through 
the courtesy of G. M. Yorce, esq., counsel or-at-law, Cleveland, Ohio, 
I obtained recently three samples of this product, beef-fat stearin, 
bone stearin, and lard stearin. 

The difference in their hardness on being boiled and cooled is quite 
marked. Beef-fat stearin, subjected to a temperature of about 300° 
P. for a period of several minutes and then slowly cooled in an at- 
mosphere of about 60° F., becomes quite hard to the touch. Bone 
stearin treated in like manner is less firm, while lard stearin under 
the same treatment is softer than either of the preceding. The 
crystals in each case are branched and resemble those of beef fat. 

Extract of a letter from Mr. Yorce, member of the American So- 
ciety of Microscopists, a gentleman who has taken a great interest 
in the crystallography of fats: 

ib j have secured for your experiments three samples of stearin, marked 
as follows: ‘‘A. Purq lard stearin, clean and nice, fresh pressed.” “ B. Pure beef 

stearin, clean and fresh pressed.” “ C. Pure bone stearin, clean, recently pressed.” 
The lard stearin I took from the hands of the stripper as he took it from the press- 
cloths. The bone stearin was pressed tlie day before. The beef stearin was stand- 
ing in the press when I was at the factory, and wjis sent over from that batch later 
in the day. Bone stearin is made from the grease rendered from butchers' bones, 
and is coin posed of the marrow and hard fat together, the latter probably predomi- 
nating. The grease is grained and pressed precisely as tallow is. 

I visited all the lard-oil factories here without finding any lard stearin, as the 
oleomargarine law has killed off the lard-oil industry, except in Chicago and Kan- 
sas City. The slaughterers alone can afford to press lard. Then I tried the soap 
factories, also large consumers of stearin. None had any on hand, and are using in- 
stead the grained or crude tallow. Next I tried candle factories. None had any 
stearin except the “ refined,” which had not been bleached with acids, etc. Then I 
went for the Tenderers and secured the samples of lard>, bone, and beef stearin I send 
you. I found out in the course of conversation with them at the Factory Rendering 
Works that the term “grease” covers all rendered material, tallow, lard, or bone 
grease. They call the stuff before rendering tallow or lard; after rendering they 
call it grease; after pressing it is stearin. “Fat ’’they apply to mixed, raw fat, 
butchers’ clippings, etc. The slaughterers have quite a different use for the same 
terms. ' 


CONDITION OF FATS IN HEALTH AND DISEASE. 

Incidentally to my microscopical examinations of butters and other 
edible fats, the fats and oils of many animals, wild and domestic, 
have been examined with a view to utilizing such as might be found 
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useful owing to special properties, or the discovery of any new prop- 
erty characteristic of any fat 6r oil that would assist by contrast in the 
detection of artificially mixed fats or oils, whether used as food, med- 
icine, delicate lubricants, drying oils, or for other purposes. 

The solid fats of animals accustomed to great muscular exertion, 
such as the horse, winged animals, and some fishes, seem to contain, 
as far as my observations extend, a larger proportion of oil than is 
found in the solid fats of animals of more sedentary habits. 

The fats of consumptives, whether of man or the lower animals, 
victims of exhausting fevers, exhibit like conditions. Thus in the 
production of abnormal heat in the animal economy, whether arising 
from chemical or muscular energy, the result seems to be the same. 
The solid fats seem to be more readily consumed than the oil. 

LARD EXAMINATION. 

•i 

Agreeably to your request I have made a special examination of 
about 100 samples of lards, pure and adulterated, not only with the 
microscope, but by means of the color-reactions’ test with sulphuric 
acid. 

The result of my examination shows that nearly all of the samples 
were compounds of lard, cotton-seed oil, and beef-fat stearin. 

The following apparatus and re-agents were employed : 

Plate!, Fig. 1, spatula (one-quarter size). Fig. 2, inverted saucer (full size). Fig. 
3, porcelain mortar and pestle of any convenient size. Fig. 4 , sulphuric acid, C. P., 
specific gravity 1.705. Fig. 5, graduated tube. Fig. 6, a test tube. 

The lard oil is measured in Fig. 2, and in case of the former, 
smoothed evenly to the rim by means of the spatula. Transfer the fat 
or oil thus measured to the mortar, fill the graduated measure one- 
quarter full of sulphuric acid, and pour it on the fat in the mortar. 
Triturate the fht and acid for one minute and add a sufficient quan- 
tity of acid to fill the test tube into which the contents of the mortar 
are emptied two-thirds full and let it settle. In the case of mixed 
fats the sulphuric acid sometimes appears of a yellow or red shade 
in the lower part of the tube. 

FLUORESCENCE. 

It has been held heretofore that the fixed fats and oils are not 
fluorescent. (See Alfred H. Allen’s Commercial Organic Analysis, 
vol. 2, p. 1, 1886.) 

It may be well to explain for the general reader that by the term 
Affixed” fats and oils is meant those which make a greasy stain on 
paper, not removable by heat without destroying the paper. Essen- 
tial oils are not oleaginous to the touch and make no permanent 
grease spot. In chemical constitution they present no relationship 
to the fats and oils. The stain of the essential oils may be readily 
removed at a temperature of 212° F. 

Fluorescence is a term used by Professor Stokes in explanation of 
the phenomena called by Sir J. Herschel epipolic dispersion, and by 
Sir D. Brewster internal dispersion. Professor Stokes found that 
on examining the light produced by the solar spectrum falling upon 
a fluorescent substance it possessed a less refrangibility than the in- 
cident rays, and he was therefore led to the discovery of the change 
of the refrangibility of the rays of light, the highly refrangible ac- 
tinic rays being degraded into luminous rays of less refrangibility. 
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Plate 7. 


Color Keaetwns of Pure l.ard Ficlttwus lord & CoUonseed Oil. 
with Sulphuric Acid . 



Piirc/.ard -I l■h■lllwu.s■ lard 



L . 1 Compound ori.ard.CoUonsecd Oil A Stearur \ i (o/lo/Lserd Oil 
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The above is a scientific statement of this phenomenon, but it can 
not convey to the general reader a definite idea of what is meant' by 
fluorescence as applied to the fixed fats and oils. The following will, 
I trust, explain this i^emarkable behavior of sonie special fixed fats 
and oils under certain conditions of treatment: 

If 100 grains of pure lard is triturated with about 400 grains of pure sulphuric 
acid freshly prepared of a given specific gravity, 1.705, and poured immediately 
into a test tube, two- thirds of the free sulphuric acid falls to the bottom of the tul)e 
colorless, while the lard, changes quickly to a cinnamon color, and floats on top. Apy 
of the fixed fats or oils in the list given below, treated in like manner, will color the 
acid in the lower two-thirds of the tube a yellow or port- wine color, as the case may 
be, perceived on holding the test-tube toward the light. If viewed after the lapse 
of twenty-four hours by reflected light and slightly in the shade the phenomenon 
of fluorescence is apparent in a greenish tinge of varying depths of color. 


FIXED FATS AND OILS, FLUORESCENT. 


I have tested the following fixed fats and oils, and find that' they 
have the property of fluorescence in a marked degree: 


Palm. 

Chaulmugra. 

Oleic acid, C. P. 
Tallow Tree of China. 
Turkey Buzzard. 
Black-snake. 

Horse. 


Polar Bear. 
Panther. 

Otter. 

Raccoon. 

Skunk. 

Dog. 

Domestic Turkey. 


Whale. . 

Loon. 

Alligator. 

Pelican. 

Opossum. 

Mullet. 


I have also tested all the fats and oils employed in the manufacture 
of butter substitutes and find that none of them are fluorescent. 
Therefore, were any of the fluorescent fats or oils mixed with butter 
substitutes they would be detected by reason of this property. 

I have made a compound of lard and horse fat containing only 4 
per cent, of the latter, and detected the horse fat in the compound 
by its green fluorescence. 

To obtain these results successfully it is absolutely necessary to - 
adhere strictly to a certain specific gravity of C. P., sulphuric acid, 
as laid down in my method. ^ 


FATTY ACIDS, FIXED FATS, AND OILS NOT FLUORESCENT. 


Stearic acid, C. P. 
Stearine, C. P. 
Palmitic acid, 0. P. 
Palmitin, C. P. 
Commercial stearine. 


Beef fat, fresh. 
Lard, 

Cotton-seed oil. 
Olive oil. 

Benne oil. 


Castor oil. 

Thibet Bear. 

Cat (wild and domestic). 
Beef dripping. 


The fats and fatty acids in the above list marked C. P. are as 
nearly pure as can be made. 


DESCRIPTION OF THE PLATES. 


Plate 1. Butter crystals of the Jersey milch cow. 

Plate 2. Butter crystals of the Shorthorn milch cow. 

Plate 3. Butter crystals of the Holstein milch cow. 

Plate 4. Implements used in the sulphuric acid color test. 

Plate 7. Showing the color reactions with sulphuric acid of pure lard, cotton seed 
oil, and compounds of lard, cotton-seed oil and stearin (fictitious lard). 

Plates 5, 6, 8, and 10 have been withheld from pubheation to prevent delay in the 
issue of the annual report. They wiU be used to illustrate a forthcom- 
ing bulletin on butter and fats. 








I 


V 



V 


634 ' 


' / 


/ ■ 




REPORT OF 'THE COMJIISSIOHER OP AGRICULTURE. 


From whom samples of butter, fats, and oils have been received. 


T 


- From whom received. 


Sample. 


U. S. Department of Agriculture, Division of Ornithology and 
Mammalogy. 


U. S. Department of Agriculture, Bureau of Animal Industry. 
Smithsonian Institution 


The National Museum 


American Museum of Natural History, New York 

The Zoological Gardens, Philadelphia, Pa 

City dog-pound, Washington, D. C 

Fat-boinng establishment, Anacostia, D. C 

Fat-boilmg establishment, Alexandria, Va 

United States Treasury, Bureau of Internal Revenue 

Seventh street office, Bui-eau of Internal Revenue 

City police court ! . . . 

National Medical College 

Factory, Baltimore, Md 

Armour & Co., Chicago, 111 

Harmony Creamery, McHenry County, 111 

Factory at Waterloo, Iowa 

East Liberty Creamery, Ohio „ 

Lewiston Creamery Company, Missouri 

Pool, Gardiner & Co., Massachusetts 

Massachusetts Agricultural College 

Missouri Agricultural College 

Connecticut Agricultural College 

Creamery, Franklin Bros., Tennessee 

Sandmon & Co., New York 

Proctor & Gamble, Cincinnati, Ohio 

Various wholesale dealers and dairies in the city of Washington. 
From all parts of the United States, branded with the merchants' 
stamp. 

Alvord, Major H. E., Massachusetts Agricultural College 

Brown, Hon. J. K., State dairy commissioner, New York 

Ballinger, J., Virginia 

Burmi te, W. H. , Delaware 

Crane, New York City 

Deitrieh, Virginia 

Darlington, Delaware County. Pa 

Elder, B. Winchester, New Orleans, La 

Franklin, N. H., Tennessee ' 

Gray, J. Bowie, Fredericksburgh, Va 

Guittar, Gen. O., Missouri 

Gold, Hon. T. S-, Connecticut 

Hatch, Hon. W. H., Hannibal, Mo 

Harwood, P. M., Barre, Mass 

Harvey, John, Washington, D. C 

Hart, ^Irs. Maria, Washington, D. C 

Kilbowe, F. D., Washington, D. C 

Lewis, Mrs. , Virginia 

Lukens, C. C., Fairfax County, Va 

Latham, Mrs. F. E. B., Florida 


Mitchell, Joseph, New .Jersey 

Mayes, Hon. Edward, Oxford, Miss ...» 

Morgan, Dr. Carroll, Washin^on, D. C 

Miller, S. T., Constable vUle, Lewis Comity, N. Y 

Member of Congress 

Nichols, Frank, West Virginia 

Olcott, ,T. B. , superintendent experiment station, Connecticut . 

Pease, F.S., Buffalo, N. Y » " 

Pope, Rev. J. Stanley, Tougaloo, Miss 

Phillips, Mr., Washmgton, D. C ■ 


Wild turkey fat. 

Hen hawk. 

Ruddy duck. 

Ring-necked duck. 

Hooded merganser. 

Barred owl. , 

Screech owl. 

Badger. 

Rabbit, 3 samples. 

Domestic fowl. 

Elephant. 

Lion. 

Monkey. 

Badger. 

Great northern diver. 

Turkey buzzard. 

White swan. 

White pehcan. 

Seal. 

Tallow tree of Chma. 

China goose. 

Armadillo. 

Polar bear. 

34 samples dog fat. 

5 samples horse fat. 

Animal fats, mixed. 

33 samples of oleomargarine. 

3 samples of suspected butter. 

12 samples of oleomargarine sold for 
butter. 

Suspected butter. 

Samples of oleomai’garine. 

3 samples of oleomargarine. 

Neutral lard^ lard, and oleo. 

Butter. 

Do. 

Do. 

Do. 

An unknown fat found in the Atlan 
tic Ocean. 

Samples of butter. 

Do. 

Do. 

Do. 

Butterine. ^ 

Cotton-seed oU stearin. 

Butter, oleomargarine, etc. 

Lard, stearin, cotton-seed and other 
oils to the amount of over one. hun- 
dred. 

Shorthorn Jersey, Guernsey, Holstein, 
Ayrshire. 

Oleomargarine, 10 samples. 

Butter. 

Do. 

Mixed fats. 

Butter. 

Do. 

Cotton-seed oil stearine. 

Pure unsalted butter. 

Shorthorn butter. 

Butter. 

Do. 

Jersey butter. 

Holstein-Friesian butter. 

Jersey and Shorthorn butter. 

Butter from New Jersey and Virginia. 
Bear fat and skunk’s oil. 

Raccoon fat. 

Jersey butter. 

Alligator, rattlesnake, bear, black- 
snake, panther, otter, mullet, i>eli- 
can, opossum. 

Butter. 

Jersey butter. 

Horse fat. 

Deer fat. 

Butter and oleomargarine. 

Butter. 

Do. 

Palm fat, stearic acid. 

Ayrshire butter. 

Butter, 
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From whom samples of butter, fats, and oils have been received — Continued. 


From whom received. 

t ■ 

Sample. 

Quick, Vanderbilt, Virginia . . 

Alderney butter. 

Stearine, palmitin, stearic, palmitic, 
and oleic acid. 

Jerse3’^ butter. 

Butter. 

Do. 

Do. 

Do. 

Holstein butter. 

Butter. • 

Shcrthom, Jersey, and Holstein butter. 
“Oleo, ’’bone stearin, beef stearin, 
and lard stearin. 

Jersey butter. 

Ayrshire butter. 

Three samples of butter from cows of 
no especial breed. 

* 

^ueen, James W./& C(x, Philadelphia, Pa 

Rowe, M. B-, Fredericksburgh, Va 

Radcliffe, Dr., Washington, D. C 

Shepherd, Mrs,, Washington, D. C 

Stowell, Prof. C. H., Ann Arbor, Mich 

Sharpless, P H., Delaware County, Pa 

Skipwith, P. II., Mississippi 

Story, Mr., Washington,*!). C 

Sanborn, l^of., Missouri Agricultural College, Missouri 

Vorce, C. M., Cleveland, Ohio 

Wilson, Hon. James F., Iowa 

Ware, Hon. B. P., Massachusetts 

Fanner in Prince George’s County, Md 



Eespectfully submitted, 


Hon. ISTorman J. Colman, 

Oommission er. 


Thomas Taylor, 

Microscopist, 
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REPORT OP THE POMOLOGIST. 

W 


Sir : I have the honor of submitting to you my second annual re- 
port as chief of the Division of Pomology, and hope it may be re- 
ceived by yourself and by the pu^blic with due allowance for the 
limited funds and clerical assistance at my command. 

It is my aim to serve the cause of practical and scientific pomology 
in such a way as to accomplish at least a part of the good you and 
many others had in mind when the division was established. 

The year 1887 may really be said to be the first in which I have had 
opportunity to get the machinery of this division into good working 
order. 

On the 1st day of February of this year Mr. Charles L. Hopkins, of 
Florida, was appointed as clerk to assist me, and on August 1 Mr. 
William H. Prestele, of Iowa, was appointed as artist of this division. 

The very small appropriation of $3,000 for the fiscal year beginning 
July 1, 1887 (the same amount as for the previous year), did not 
permit me to undertake any very large work, especially as the 
salaries of these two persons and all other expenses of the division 
had to be paid out of it. The steadily increasing correspondence of 
the office has been a heavy burden. 

Up to August 1, when Mr. Prestele took his place here, there 
was no one to make drawings of the fruits which were being daily 
received for study and comparison, except myself, and I had neither 
sufficient time nor proper skill to devote to it. Prior to that time I 
was only able to make pencil drawings of the more important varie- 
ties received, and a careful record and niinute description of them ; 
but since then a part of the drawings have been made in India ink, 
and others have been reproduced in water-colors, all in the most 
skillful manner, showing the natural size, shape, and color of both 
exterior and interior of the fruit, with the leaves and twigs charac- 
teristic of each. These are invaluable for comparison and reference, 
and a portion for publication. 

A photographic apparatus has been purchased, which will be used 
to take views of such trees, orchards, vineyards, or other subjects as 
it may be necessary to preserve, or present in published form in the 
reports. 

A compound microscope of high power, together with necessary 
ap])liances to be used in connection therewith, have been secured for 
the use of the division. Also a very good microtome has been 
purchased with which to make sections for microscopical study. It 
is my desire to make use of every possible means to investigate and 
study the complex questions of a pomological character, or such as 
are directly connected therewith, as they may arise. For instance, 
the pollen of different botanical species and of the varieties of each 
species should be examined, and their physiological characters and 
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differences well understood. This is very iijiportant in the study of 
the scientific principles which underlie practical pomology. 

In accordance with your directions, there have been prepared for 
publication within the present year the following manuscripts: By 
Mr. P. W. Eeasoner, of Manatee, Fla., a report on '‘The Condition of 
Tropical and Semi-Tropical Fruits in Florida and the Gulf States 
b}^ Mr. W. G. Klee, of Berkeley, Cal., a report on '^The Condition of 
Tropical and Semi-Tropical Fruits in California, Arizona, and Kew 
Mexico.’’ These two reports, together with a few notes by myself 
upon the same general subject, and colored illustrations of Japanese 
plums and persimmons, constitute Bulletin 'No. 1, of the Division of 
Pomology. It has been in the hands of the Public Printer since 
December 1. Also, by Mr. T. T. Lyon, of South Haven, Mich., a 
repoH on ^^The Adaptation of Russian and Other Fruits to the Ex- 
treme North and Northwest Portions of the United States.” This re- 
port is also in the hands of the Public Printer and will be issued as 
Bulletin No. 2. It was my desire to have both of the above-named 
bulletins issued promptly, and it is to be regretted that the want of 
sufficient appropriations should have delayed their publication. 

An article was prepared by W. H. Ragan, of Greencastle, Ind., 
entitled ^‘^Our Fruits, Native and Introduced,” which gives informa- 
tion of a character that should be issued by this Department, and it 
is now awaiting publication. 

A monograph has been prepared by T. V. Munson, of Denison, 
Tex., entitled The Native Grapes of the United States.” This is a 
scientific treatise of an unusually valuable and interesting character, 
and should be published with illustrations in colors, showing a por- 
tion of the branch, leaves, fruit, flowers, and seeds of each of the 
twenty-one species native to this country. A part of the original 
illustrations to accompany the text have already been prepared, 
and it is my purpose that the artist, Mr. Prestele, shall prepare, dur- 
ing the next fruiting season, an accurate, typical, and life-size water- 
color painting of each species, with a view to the whole being pub- 
lished in the highest style of art. Certainly this subject is one that 
deserves to be placed before our people in the most lucid manner 
possible. It is my earnest desire that within the next year this matter 
shall receive the favorable and necessary action of Congress to enable 
this work to be done. 
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THE APPLE. 


^ The condition of this, the most important of all our fruits, during 
the year 1887, was somewhat peculiar. In the States of Ohio, Indi- 
ana, Illinois, and parts of several adjoining States, where apples are 
usually very abundant, the crop was almost a total failure. In Con- 
necticut it was very heavy, and in western New York, and most of 
the New England States and parts of Michigan, there was a plenti- 
ful supply. The northwestern part of the southern peninsula of 
Michigan, which is commonly called the Grand Traverse Region,” 
produced a large crop for the amount of orchards planted. The 
climate there seems peculiarly well adapted to the growing of apples, 
and especially late keepers. The samples grown there were the 
very last to disappear in this office, which was about the 1st of June. 
Missouri. Kansas, northern Arkansas, Kentucky, Tennessee, and 
western North Carolina had about half a crop in some localities, the 
fruit, in size and quality, not being up to the standard, because of 
the unusual drought which prevailed. 
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_ Very good keeping apples were sent me from Tennessee and Mis- 
sissippi, and summer apples of very fair quality were received from 
Louisiana. 

In the region embraced by Minnesota, Wisconsin, Iowa, Dakota, 
and northern Nebraska the successful culture of the apple has been^ 

' almost despaired of by some, owing to the ruinous effects of the re- 
markably severe winters of the past fcv/ years. Others are as hope- 
ful as ever, and are replanting their orchards in firm belief that they ^ 
will gather abundant crops from them. 

Some depend on Russian varieties imported by this Department in 
1870 and those brought over at later dates by other parties ; notably 
among these Prof. J. L. Budd, of Iowa Agricultural College. 
Others place but little dependence on these Russian varieties because 
of the poor quality, the early ripening of their fruit, and their 
peculiar susceptibility to the attacks of blight. Many of those 
most sanguine of success are looking to a race of new seedlings, 
which shall be the result of crosses between the "best apples known 
and either the hardiest Russian varieties or crabs. It is thought 
the good qualities of the fruit of the former and the hardy con- 
stitution of tree in the latter may be blended in the coming genera- 
tion. Tedious and painstaking efforts are being made in this direc- 
tion, especially in Iowa, Wisconsin, and Minnesota. 

Feeling the importance of the subject, and with a view of learning 
just what is the real condition of the fruits of this territory, Mr. T. 

T. Lyon, of South Haven, Mich., who is a pomologist of eminence 
and entirely disinterested motives, was commissioned, under the su- 
pervision of this division, to carefully examine and report thereon. 

On the Pacific slope the apple crop was fairly good. Oregon and 
Washington Territory produce apples of remarkably large size and 
of better keeping qualities than those grown in (Jalifornia. The 
latter State, however, grows a greater supply of applies than most 
persons suppose. Nevada, Idaho, Utah, and New Mexico also grow 
apples to some extent. Colorado has many orchards beginning to 
bear. 

DISEASES. 

t 

A great many inquiries come to me for remedies for Bitter Rot and 
Scab, but as these are matters v/hich pertain to the special work of 
the Mycologist of this Department I have referred them to him for 
answer. It might, however, be proper to say, that so far, no reme- 
dies have been found for either of the above maladies. 

INSECT DEPREDATIONS. 

I have had frequent questions and reports sent to me on this subi 
ject, but they properly belong to the Entomological Division, and 
have been there referred. It is wuth extreme satisfaction that I am 
informed of the increasing success of spraying the trees with ar- 
senical poisons to combat the Codling Moth. 

VARIETIES. 

I desire to mention a few new varieties which have come under 
my notice, and some old ones of special value but little known. It 
is really unaccountable how varieties of fruits of most excellent 
cha^racter are overlooked or neglected by the general public. Nota- 
bly among these is the apple known as 
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Summer Itose. 

In my opinion this little favorite surpasses Carolina June, Early 
Harvest, and all the other early api3les I know. It is as early as 
any, begins to bear soon after planting, and seldom fails to bear a 
good crop, even when most A^arieties fail. 

The tree has a beautiful round head, the branches are stout but 
not heavy, with very distinct gray dots upon the new growth. It is 
essentially a family apple, beginning to ripen with the very earliest 
and continuing for about six weeks. It sells well in market, but is 
' more especially a dessert variety. Originated in New Jersey. 

Si^e, small, 3 to 3 inches; shape, flat to round, regular; surface, 
very smooth; color, white, with stripes and splashes of the most 
delicate tints of carmine; dots, very small; basin, widb, abrupt, and 
rather deep, regular; eye, small and colored; cavity, narrow, regu- 
lar, not russeted ; stem, usually quite short; core, large, closed, 
regular, meeting the eye; seeds, numerous, short, and plump, light 
brown; flesh, white, with rarely tint of pink next the skin, fine 
grained, tender, crisp, juicy except when overripe; flavor, subacid, 
very pleasant ; quality, as good as the best of the early kinds; season, 
from June to August, in the central States. 

The illustration on Plate 4 is from a specimen grown on my own 
farm at Geneva, Eans. 

OzarTc. 

This variety originated with Mr. Thomas Morchal, jr., of Crowell, 
Benton County, Ark. In the spring of 1884 he dug up a sprout from 
the stump where a Ben Davis tree had been broken down, and 
planted it. In the fall of 1887 this tree bore over a bushel of apples, 
and the specimen from which the drawing and description were made 
was sent me by G. E. Kennan, of Brightwater, in that county, but 
was grown on "the original tree. 

Size, large, 3 to 4 inches; shape round, regular, but sometimes un- 
equal; surface, A^ery smooth, light yellow, covered with suffused 
bright carmine; dots, small, light, on raised basis; basin, deep, wide, 
abrupt, regular; eye, small, closed or nearly so; cavity, wide and 
russeted but little ; stem, short, slender ; core, regular, closed; 
seeds, large, long, dark; flesh, white, tender; flavor, subacid; quality, 
good; season, November to December, in northwestern Arkansas. 

Bella, 

This is a new variety brought to my notice by Charles P. Augur, 
of Woodbridge, Conn. The original tree stands near that place on 
a slaty hillside in a pasture belonging to Timothy Fowles. It in 
what might be called an open grower, and carries its fruit mainly 
on the outside branches. It bears annually and abundantly. Mr; 
Augur has sent cions to various States, and hopes to get favorable 
reports from them in due time. 

Size, medium to large, by 3 inches; shape, round or nearly go, 
slightly conical, irregular but not ribbed or angular, unequal; sur- 
face, smooth, greenish-yellow thinly and partially covered with dull 
mixed red and darker splashes and blotches; dots, scattering, medium 
size, gray, prominent; basin, quite shallow, slightly folded; eye, 
open, shallow; sepals, short ; cavity, shallow, narrow, heavily and 
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widely russeted; stem, short; core^ small, nearly closed, clamping the 
eye; seeds, numerous, plump, light brown; flesh, yellow, a little 
coarse, but tender; flavor, mild sub acid, pleasant; quality, good; sea- 
son, in Connecticut, November to January. 


Star, 

Although this is an old variety of uncertain origin, but probably 
(Grange County, N. Y., it is thought highly of by many growers. It is 
not a very showy apple, but well worth a place in a family orchard. 
Tlie drawing was made from specimens grown by*L. B. Pierce, of 
Talmage, Ohio. 

Size, medium, 3 to 3^ inches ; shape, flat, slightly conical, unequal, 
regular; surface, smooth, greenish-yellow, with occasional slight 
show of red; dots, numerous, dark, prominent ; basin, shallow, regu- 
lar; eye, small, closed; cavity, rather shallow, sloping, regular, rus- 
seted; stem, short, slender; core, wide, almost closed, clasping ; seeds, 
small, plump; flesh, whitish, tender, juicy; flavor, mild subacid, rich, 
pleasant ; quality , very good; season, September to December, in Ohio^ 
use, kitchen and dessert. 

\ 

Huntsman, 

Although this apple has been described many years ago by Charles 
Downing and others, it is of so much worth and comparatively little 
known to the general public that I venture the repetition. Having 
originated in Missouri it has become bevSt known in the W est. It 
has, however, been grown in many parts of the country, and is gen- 
erally highly praised. The tree is quite satisfactory in every way, 
and there is no yellow winter apple which sells better when sent to 
market. My specimens are from Abner Allen, of Wabaunsee, Kans. 

Size, large, 3 inches, and often reaching 4; shape, flat, nearly al- 
ways unequal, waved near basin; surface, smooth; 6olor, a rich yel- 
low, with very rarely a faint blush; dots, large, distinct, dark; basin, 
wide, rather deep, waved; eye, generally open, deep; cavity,, wide, 
sloping, not russeted; stem, medium to short: core, large, wide, 
open, clasping the eye; seeds^ large, x^lnmp, dark; flesh, yeUow, fine 
grained, firm, juicy; flavor, subacid, rich, aromatic; quality, excel- 
lent; season, December to spring, in Kansas and Missouri; use, des- 
sert and market. 


Harbour, 

This variety came to me from Mr. B. F. White, of Mebane, Ala- 
mance County, N. C. It originated in that county many years ago, 
and is thought to be a seedling of Abrahm, which it resembles in 
both tree and fruit in many respects. It is, hoAv'ever, a much better 
apple in nearly eA^ery way. 

Mr. Harrison Harbour, of that locality, rescued it from extinction 
by getting a feAV buds from the old tree, Avhich was about dead, and ' 
setting them in his own orchard. In a few years they bore fruit, 
and he called the attention of a nurseryman to the variety, whc 
named it in Mr. Harbour’s honor. The tree is rather slow in growth 
but Very hardy and long-lived. The fruit is eA^enly distrilmted ove 
the tree, and hangs on AAdth tenacity until cold Aveather. A littb 
freeze does not hurt it. It is pre-eminently a winter apple. Its brigh^ 
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color and rich, aroma enhance its value greatly. The illustration 
(Plate 9, Fig. 1) .was made from a specimen sent by the gentleman 
above named. 

Size, small, 2 to 2f inches ; shape, flat or apparently round, regu- 
lar ; surface, smooth, the yellow under color nearly covered with 
bright carmine, diffused striped and splashed, a light bloom where 
not handled ; dots, small, indistinct, ymlovv^-ish gray ; basin, abrupt, 
deep, almost regular ; eye, small, open, shallow, segments of calyx 
rehexed ; cavity, medium to shallow, regular ; stem, short, slender, 
straight ; core, small, broad, open ; seeds, large, broad, dark flesh, 
vellow, crisp, Arm, juicy ; flavor, subacid, rich, very pfeasant ; qual- 
ity, very good ; season, January to late spring in North Carolina. 

Orange Winter, 

This variety originated with Mr. Orange Winter, of Sauk County, 
Wis., from seed of Perry Russet which it resembles in tree, except 
that it is more hardy and productive. The buds and leaves are very 
thickly set along the tAvigs, It was introduced by J. W. Shoards, of 
Reedsborough, Wis., and given the above name in honor of theorig- 
' inator. I have endeavored to have the name changed to something 
. less common and that would not be misleading as to its season, but 
this seems to be quite impossible from the fact that it is already 
widely distributed under that name. My specimens were from Mr. 
A. L. Hatch, of Ithaca, Wis. 

Size, large, 3 to 4 inches diameter; shape, flat, a little inclined to 
one side; surface, a little rough, dull yellow, not blushed; dots, numer- 
ous, very small, prominent; basin, wide, deep, waved but not folded; 
eye, deep, closed; cavity, wide, sloping, not russeted: stem, medium 
in length and thickness; core, very broad, but closed; seeds, pointed, 
plump, dark; flesh*, yellow, rather coarse; flavor, subacid; quality, 
good, but not extra; season, October and November in Wisconsin. 

t 

THE GRAPE. 

The grape crop of 1887 was very good, except in a few localities 
where the Black Rot affected it; but as this disease is induced in a 
great measure by frequent rains and a humid atmosphere, and as the 
reverse of this was true in the greater portion of the grape-growing 
area of the United States, little damage was sustained. Grapes were 
plenty and cheap in the markets. In California the grape succeeds 
admirably. The varieties grown there are entirely different from 
those of the Eastern States and belong to the species Vitis vinifera. 
There are thousands of acres in a single vineyard. The Napa valley 
is almost entirely devoted to the growth of the vine. I have been 
credibly informed that as much as 17 tons of grapes have been grown 
on an acre in several cases, and that 10 tons per acre is by no means 
rare. From what I saw there I have no doubt of the truth of these 
statements. 

Grapes are there chiefly made into wine, but the manufacture of 
raisins is becoming a leading industry. This is especially true of 
that portion of the San Joaquin valley in the Aucinity of Fresno and 
Tulare. I know that for the production of raisins this region is pe- 
culiarly adapted. The soil is excellent, the water supply for irriga- 
tion abundant and cheap, and the long rainless season during ripen- 
. ing peculiarly suitable. 
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^ The Sacramento, ; Sonoma, Santa Clara, and Santa' Ana valleys 
also produce good raisins, and in the vicinity of San Diego they are 
paade equal to any that I have ever tasted from Europe. The raisins 
of the El Cajon are famous, and will he more so as time goes on. 
In fact, the importation of foreign raisins is already checked, ancd 
we are likely to be able within the next ten years to produce within 
our own borders all the raisins our people will need. 

Arizona is also coming to the front in this matter. T^he Salt 
River, Gila, and other valleys can grow good grapes of this class^ 
and the long, hot, and dry summers and falls are well suited to cur- 
ing them into the best of raisins. 

NeVf Mexico and the extreme western portions of Texas, notably 
about El Paso, can also grow the foreign grapes. The cold of the 
winters, however, makes it necessary to cover all the vines with 
earth during the time of danger. When so prepared the vineyards 
resemble fields of huge sweet-potato hills. 

Florida has not been generally thought suited to the growth of the 
grape until within the last few years. Experiments are now being 
made with many varieties, both foreign and native. 

Many new varieties are being each year brought to notice all over 
the country, and a very few are noticed in this report. 

Eaton, 

Among those for which much is claimed is the Eaton. It originated 
with Mr, Calvin Eaton, of Concord, hi. H., about 1868. The vine is 
a very strong grower, with large leaves of the Concord type. It is 
said to be as hardy as that variety. The cluster is of moderate size, 
but the berries are extra large for a native American grape. The 
color is black, and the season medium. Skin rather thick. In flavor 
I do not think it quite equal to the Concord, although*others think it 
fully equal. It deserves trial. 


Lutie, 

This grape originated in Tennessee and is there thought of su- 
perior quality, especially as an early variety. Not having been 
able to get samples of it, I defer a more extended notice of it until I 
can obtain them and speak from more intimate acquaintance. 

Jewell 

Was referred to in my report of last year, and anothei* years experi- 
ence with it in the hands of the few who have fruiting vines seems 
to indicate that it is a valuable variety. I Avould at least recommend 
that it be given a fair trial. 

Ten new seedling grapes were sent to this division in proper sea- ' 
son from Mr. Theophile Huber, of Illinois City, 111. They were 
nearly all of good quality and deserve to be better known. The two 
following are of that number; 


Emma, 

/ 

This is, to my mind, the best in quality of the whole lot. The 
cluster is of medium size, well shouldered, and rather open. The 
berry is medium size and round. The skin is very thin and terider 
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and of a beautiful translucent yellow color. In flavor it is rich and 
delicate and without foxiness. The pulp is very tender. 

Marie Louise. 

This is another of Mr. Huber’s seedlings. The cluster is about 
like that of Concord. The berry is round, rather thick skinned, and 
iti color, a rich greenish yellow. The flavor is very pleasant. 

THE PEACH. 

Taking the country over, the crop of 1887 was a failure. In a very 
few sections it was medium, but nowhere heavy. Severe cold in 
winter, spring frosts, ^‘yellows,” and the ravages of the rose-bug” 
{Macrodactylus siibspinosus) , although acting in different localities, 
have combined to produce this unfortunate result. California alone 
had a good crop. What few peach trees there were in Arizona large 
enough to bear, produced abundantly. Specimens were received from 
there on ISTovember 20 in such sound condition that they were kept for 
fully a month later. These specimens came under the name “Decem- 
ber Cling ” and were of a whitish color and rather poor quality, but it 
showed what has been done in that region, and suggests what else 
might be done. In Florida, southern Texas, and other sections lying 
next the Gulf of Mexico, a different class of peaches must be grown 
from those that succeed in the North. But as this subject is specially 
treated in a report by Mr. G. Onderdonk, of Nursery, Tex., whicn 
appears as part of the present report of this division, I will only say 
that there is no doubt of the truth of the above statement. The Asi- 
atic varieties seem to do best, and I hope next year to give a detailed 
account of some of the newer varieties belonging to this strain. Mr. 
J. A. Bidwell, of Orlando, and Mr. James P. De Pass, of Archer, 
Fla. , have brought out several new varieties of this character which 
are worthy of extended trial in that State. Mr. Onderdonk, of 
Texas, has long been engaged in similar experiments. 

THE PLUM. 

There is an increasing interest in plum culture in many parts of 
the country. Of course California and Oregon are far ahead of all 
other States, because of the absence of curculio. All species of 
plums do well there, but the European varieties are almost en- 
tirely planted.' The bulk of the crop is dried, and is already hav- 
ing a m rked effect upon our importations. The quality is fully 
equal to the best foreign brands. I have never seen elsewhere such 
large and fair-looking dried prunes as those sent to this office from 
Oregon. They were made from Coe’s Golden Drop plum. Arizona, 
New lilexico, and the Bio Grande valley, near El Paso, Tex., also 
grow good plums of similar varieties because of their exemption 
from curculio. 

In all that part of the United States lying east of the continental 
divide this insect pest still holds sway, with the exception of a very 
few localities. The most favored of these is a strip including but a 
few counties lying next to Lake Michigan between Grand Haven 
and the Straits of Mackinac. Thousands of bushels of the best of 
plums were shipped from there to Chicago, Milwaukee, and other 
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markets during the past year. Jn western New York and some parts 
of New England a few were grown. With native American species 
mnch better success is generally attained^ because the larva of the 
curculio for some reason does not thrive so well as in the European 
species. Wild Goose, Miner, De Soto, Newman, Marianna, and Rob- 
inson are among the best of this class. Where several varieties are 
grown near each other they seem to bear better than where only one 
variety is planted, and. it is thought this is the result of cross-pollena- 
tion However this may be, I would advise mixed planting, judging 
by the reports of many growers and by my own experience. In any 
case no harm can result, and the grower will have a succession of fruit. 

Japanese plums are being more generally planted, and especially 
in the South. That theromay be varieties from Japan which will 
prove to be hardy in the North is possible, but as yet I am by no 
means certain that any such which bear good fruit have been intro- 
duced. 

The following varieties are mentioned, for reasons stated in the de- 
scriptions of each : 

Kelsey. 

This plum was described in my annual report of last year. An- 
other year’s experience has proven it to be gradually becoming more 
and more popular in the Southern States and California. It con- 
tinues to bear well, but is not exempt from the attacks of curculio in 
regions where that insect abounds. Specimens from Prof. J, N. 
Whitner, of Lake City, Fla,, were badly stung. 

The colored plate of this variety which appears on another page (Fig. 
1, Plate 1) was made from specimens sent by Prof. E. Hilgard, of 
Berkeley, Cal. The size, shape, and color of the fruit, as well as the 
leaves and bark, resemble the specimens as near as they could be 
made, and are in no sense overdrawn. 

The flesh is quite firm, of a delicate yellow color, and clings to the 
stone. The flavor is equal to that of the ordinary varieties cultivated 
in the United States. In each specimen examined by me there has 
been a peculiar cavity of an irregular shape near the seed, similar 
to that shown in the illustration. It seems to be a characteristic of 
the variety. 

The tree is of upright habit and thrifty in growth. The leaves 
are rather narrow and lanceolate, like those of Wild Goose and other 
native American plums. 

Owing to the early blooming of the Kelsey the fruit crop is often 
cut off by frost, especially in the Gulf States. I desire to reiterate 
the statement of last year that the tree, is about as tender as the fig, 
and will not endure the winters north of Texas, Tennessee, and South 
Carolina. Even there the trees are soifletimes tender. 

Owing to its very late ripening the :|ruit would not mature in the 
Northern States, even if the trees woulc grow there. There has been 
some difference of opinion as to its hare iness, and some have claimed 
that trees of Kelsey have withstood tl e winters of New York and 
New Jersey. In view of the fact thal| Kelsey trees have been posi- 
tively known to have been killed by the winters of northern Texas, 
it is quite probable that those in New York and New Jersey so re- 
ported are spurious. If this should provq to be true, it is evidence 
that mistakes have been made in sending some other variety of Japan- 
ese plum to the above States under that name. 
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Satsvma. 

This is a variety di plum which is native in Japan, and of very 
recent introduction here. The only tree in hearing in America, so 
far as I have been able to learn, is one on the premises of Luther 
Burbank, of Santa Rosa, Cal. The specimens from vfhich the ac- 
companying colored plate was made (Fig. 2 on Plate 1) grew tliere. 

The tree looks much like Wild Goose plum, and may prove to be 
more hardy than Kelsey. This, however, is not yet known, but trees 
will next year be tested in many places both Korth and South. It 
bears very abundantly. The fruit is of a pleasant flavor and, unlike 
all plums, either native or foreign, before tested in America, it is 
red-fleshed. * 

The stone is remarkably small. The illustration is as true to na- 
ture in all respects as art could make it. 


Blackman. 

In addition to the statements made last year regarding this variety 
I have to say that it has continued to prove itself of no value, because 
of the trees being universally and entirely unfruitful. There being 
some question as to the real character of this variety, early in the 
spring of this year I wrote to several of the most reliable nurserymen 
and fruit-growers of the country for cions from bearing trees on 
their grounds, and requesting them to keep a close watch on the 
behavior of the variety. Mr. W. C. Barry, of Rochester, N. Y. ; 
Hoopes Bros. & Thomas,' of West Chester, Pa., and Mr. E. B. Engle, 
of Marietta, Pa., each sent me specimens. They were all in good 
condition and well supplied with fruit buds, and of the same variety 
which I have without exception seen in the nurseries and orchards 
of Texas and other States under this name. 

Later in the season these parties wrote me that to their astonish- 
ment none of the fruit buds on their trees developed into blooms, but 
dropped off as if they had been killed by frost, when there was no 
frost to kill them. In other words, they seem to have been abortive 
from some natural defect. 

I also addressed Mr. W. M. Clark, of Nashville, Tenn., who I had 
learned was acquainted with the early history of this so-called plum, 
asking him to report to this division what he knew of the matter, 
and to visit the original tree and send me cions from it. In response 
to this request he sent me the following, under date of March 24, 
1887: 

My mother (Mrs. Charity Clark) visited, just after the war, Dr. James E. Manson, 
a nurseryman of Rutherford County, this State, and brought away some plum 
seeds from an orchard composed of V/ild Goose and Washington plums, and gave 
them to Dr. Blackman, who planted them. This tree came up with others, and 
when it bore fruit it was seen that it was different and superior to them. I send a 
few twigs from two trees, both differing, one never having borne fruit (I mark it 

mule ”), the other the Blackman plum. And thereby liangs a tale : Mr. J. J. New- 
son, a nurseryman here, procured buds from the former tree and widely distributed 
the trees propagated from them. • The Rose Bank Nurseries, owned by Truett’s 
Sons, of Morgan, Tenn., sent«an agent to Blackman’s and got a large lot of slips 
or cions from the “ mule,” mistaking the tree, because it resembled the ordinary 
plum less than the genuine tree. Thus we have two Blackman plums, one genuine, 
the other spurious. Of course, those purchasing of the Rose Bank Nursery believe 
it to be a humbug, while those buying from Newson must be delighted with it. 
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Again, under date of April 13, 1887, lie says : 

According to your second request, I repaired at once to Dr. Blackman’s, but 
found the flowers very scattering on the tree from the effects of age and frost. On 
the “mule” flowering had been intercepted entirely by frost, but I secured the 
embryo of this, and all the flowers I could of the other, and now have them under 
pressure and will send them as soon as dry. 

It will be seen from these letters that there were two seedling trees 
on the premises of Dr. Blackman from which buds have been taken 
by two rival nursery firms and sent out to the world, one of which 
was xjrobably good and the other worthless. By some ill-fortune 
the valuable variety has not been generally distributed, but the bad, 
one has been sent far and wide. The samples from this original 
‘^‘nmle’^ tree sent to me by Mr. Clark correspond exactly with all 
those received from nurserymen and seen by me in many States. It 
is rather a significant coincidence that the fruit-buds on this original 
tree failed to open into flowers, jnst as in the cases of those oji the 
premises of Hoopes Brothers & Thomas, and others. 

The other seedling tree in Dr. Blackman’s yard (having since died) 

E reduced flowers, and the samjjles of branches and flowers of it sent 
ere by Mr. Clark appeared almost identical with Wild Goose plum, 
biit very unlike the variety under consideration. It has recently 
been named Charity Clark” by Dr. Blackman and Mr. W. M. 
Clark j of ISTashville, Tenn,, who have the prior right to give the name 
the fruit shall bear, and in honor of Mrs. Clark, who got the seed of 
Dr. Manson. 

That such a mistake should have been made (and no doubt it was 
a mistake on the part of Truett’s Sons, of Morgan, Tenn., in getting 
buds from the wrong tree, and not an intended deception) is a serious 
matter to many nurserymen who have propagated the variety largely, 
and to many growers who have planted trees of it. Although thou- 
sands of dollars have been lost on this worthless freak of nature 
under the name of Blackman plum, the discovery by me of its trfie 
character when in Texas, in 188G, and having informed the ■public 
of the same at once through the pu]^lic press, checked its distribu- 
tion and saved the country from further waste of time and money. 

Any persons yet having trees of this spurious variety should either 
dig them out or graft them. That there may be no uncertainty as 
to their identification, I will say that the tree in hoth leaf, bark, and 
arrangement of buds almost exactly resembles those of a peach tree. 
It is moreover a very thrifty grower. It is thought by sever.al ex- 
pert botanists to be an ac<iidental cross between the peach and plum, 
but of course this is only the presumption entertained from the fact 
of the original tree having grown .from the seed of a Wild Goose plum 
and from examination of its general characteristics. As a tree it is 
a success, but as a fruit a complete failure. 


THE ORANGE. 

{Citrus auranteum,) 

The culture of this fruit in the United States is rapidly increasing. 
What is known as ^‘^the big freeze of 1886” in Florida, and which 
was indeed unparalleled in the history of that State, did not mate- 
rially injure the orange trees there. In Louisiana a considerable 
area lying near the mouth of the Mississippi Biver is devoted to this 
fruit, and excellent oranges are grown there. In the immediate vi- 
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cinity of jSTew Orleans the orange orchards were badly hurt by the 
freeze of 1886, and many of them have not yet recovered. In Cali- 
fornia, as far north as Redding, which is within sight of Mount Shasta, 
I saw orange trees in bearing. What is known as the ‘^thermal 
belt ’’ extends along the foot-hills of the mountain ranges, and it is in 
this belt that the orange grows in the central and more northern 
parts of the State. In the extreme southern counties the culture is 
carried more into the valleys, and especially at Riverside is this true. 

Ripening at different times, as do the oranges of these States, our 
markets are or can be supplied with this delicious and healthful 
fruit for more than half the year. 

In addition to this, new varieties are being originated and brought 
to notice, some of which are fully two months earlier than the ear- 
liest kinds before known, and some are fully that much later than 
the latest varieties in general cultivation. The main orange crop of 
Louisiana ripens from ISTovember 1 to February 1, that of Florida 
from December 1 to March 1, and that of California from February 
1 to May 1. This covers six consecutive months, and a little more is 
gained both before and after this period by artificially handling the 
fruit. 

It should always be borne in mind in considering the qualities of 
the oranges of the different sections of the country that climate has 
a marked effect upon this as well as all other fruits. The skin of 
nearly all varieties is thicker and more free from defects in California 
than in Florida and Louisiana and the flavor much more tart. The 
misunderstanding of this fact often leads to much confusion regard- 
ing the identity of varieties and their adaptability to certain local- 
ities. 

Those that are very mild-fiavored should not be grown in Florida, 
because they become insipidly sweet, and those of very tart flavor 
bjecome really sour in California. If such kinds are planted reversely 
to the above they will in both cases be much improved. 

In one, and only, one rare case I tasted a seedling orange grown in 
California that was so very mild-fiavored as to be almost tasteless. 
In Florida and Louisiana the flavor of all oranges is usually very 
mild and pleasant. 

The following varieties are worthy of special mention: 

Satsuma. 

From the best authority I have at command, this variety came 
from Japan to the United States about 187G. It has been grown in 
Florida since that time and is there known as the > hardiest of all 
oranges. It is named after the province of Satsuma, in Japan, 
where it is largely grown. 

At a later date it was brought to California. Recently thousands 
of trees of this variety have been imported from Japan by several 
firms in California under the name Unshiu (or as some have it, Oon- 
shiu, to better indicate the pronunciation), which may be a common 
name for it in Japan. But as Satsuma has been applied to it in 
the United States for many years previous do these later importa- 
tions it seems best to give the last name the preference. Having 
examined and eaten the fruit sent directly to this office from Japan, 
that' imported and sold in California, and having also gathered speci- 
mens with my own hands from the trees -in that State under the 
name Unshiu, and also having received it from many places in Florida 
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under the name Satsuma^ I am fully convinced that all these samples 
were of the same variety. 

The tree is described by my Japanese correspondents as spreading 
and dwarfish or even bushy in habit, very productive, and with 
broad leaves like ordinary oranges. This accords with what I have 
seen in California and what is reported to me from Florida. It is 
of the class to which the title ^‘mandarin” is applied, because of its 
small size, fiat shape, and very loose skin, which are characteristics 
of that class. 

The illustration on Plate 5 of this report was made from specimens 
from Lyman Phelps, of Sanford, Fla. 

Size, small to medium, 2 to 3 inches; shape, flat, a little pointed 
next the stem; color, bright orange; skin, rough, wrinkled next 
the stem, very loose and easily separated from the flesh; core, almost 
none, but instead a cavity often three-eighths inch in diameter in 
center; seeds, almost wanting; flesh, orange color, darker than the 
skin, not so juicy as some; flavor, very sweet, rich, very aromatic, 
peculiar; quality, very good; season, early. 

Foster. 

This variety originated with Mr. C. H. Foster, of Manatee County, 
Fla., as a chance seedling grown from seed brought from Havana, 
Cuba. As a very early orange it is especially desirable. The orig- 
inal tree, now about forty years old, is said to be productive, and 
a well-beaten path to it attests the esteem in which the fruit is held. 
The following description of the fruit was made from specimens sent 
me by Mr. P. W. Reasoner, of Manatee : 

Size, medium, 3 inches; shape, round or nearly so ; color, pale 
orange; skin, smooth, thin; core, medium to large ; seeds, numerous, 
elongated; flesh, light-colored, juicy; flavor, mild, pleasant, but not 
very rich; quality, good, but not best; season, very early, specimens 
received from Manatee, Fla., fully ripe on September 10, 1887. 

King. 

This orange was introduced from Cochin China, in 1882, by Dr. R, 
Magee, of Riverside, Cal. It has been growh in California and Florida 
by a very few persons, and the fruit is esteemed by those who know it 
best. I have frequently tested it, and have also recently seen the tree 
in bearing on the grounds of J, E. Cutter, at Riverside, Cal. The tree, . 
although of upright growth, is rather ragged in appearance. The 
leaves are dark, and the branches thorny. On the whole, I do not like 
the tree. The fruit partially resembles the mandarin orange and may 
be described as follows: 

Size, small to medium, 2 to 3 inches in diameter; shape, flat, 
wrinkled and drawn to a point at the stem; color, dark orange; skin, 
rough, rather thin, parting easily from the flesh; core, rather small, 
open; seeds, numerous, round; flesh, dark, sections part easily, juicy; 
flavor, very sprightly, tart; quality, good; season, late; received from 
Riverside, Cal., in good condition June 20, 1887. 

KonaJi. 

The history of this orange I have from Mr. A. P. Combs, of River- 
side, Cal., who states as follows: , 

About the year 1866 J. DeBarth Shorb, of San Gabriel, Los Angeles County, had 
a very fine orange sent to him from the island of Konah, in the Pacific Ocean. He 
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planted the seeds, and raised from them two trees.' One of them died, but the 
other did exceedingly well, and he propagated from it quite largely. It proved to 
be a very good orange and considerably above an ordinary seedling. It ripens about 
one month earlier than an ordinary seedling, is of a fine, rich, lively color, of good 
size, medium number of seeds, and, take it all in all, it is a first-class orange, but 
uot equal to the Washington Navel, Mediterranean Sweet, Maltese Blood, or Paper- 
rind St. Michael. 

From personal observation in the orchard of J. E. Cutter, of Riv- 
erside, I know the tree to be a handsome, upright grower, productive 
and thornless. The leaves are very pale green; the fruit is of me- 
dium size, about three inches; in shape almost round, but inclining 
a very little to oblong; skin, rather smooth, of pale color and thin; 
Core, medium, sometimes a little hollow; seeds, numerous, ^yell de- 
veloped, but usually pointed at both ends; flesh, pale colored, very 
juicy; flavor, mild, pleasant, but not rich; quality, very fair. 

Harfs Late. 

(Synonym, Hart’s Tardiff.) 

The origin of this orange is uncertain. The flrst positive knowl- 
edge of it is that S. B. Parsons, of Flushing, Long Island, about 1875, 
took it from his greenhouses on Long Island to his nursery near 
Palatka, Fla. He thinks it came to him from Thomas Rivers, of 
England. Edmund H. Hart, of Federal Point, Fla., got it from Mr. 
Parsons’s nursery, and it was in his hands that the real value of the 
variety first cairie into public notice. On the 25th of ^Hl, 1877, the 
fruit was first brought before the meeting of the Florida Fruit 
Growers’ Association by Mr. E. H. Hart, and ‘4t was found unripe 
and unpleasantly acid.” On June 13 of the present year (1887) Mr. 
Hart sent specimens to this office which were in prime eating con- 
dition. 

Size, medium, about 3 inches; shape, oblong, a little tapering 
towards the stem, which is set in a slight depression; skin, rather 
thin, a little roughened, deep pits on surface; color, bright orange; - 
core, medium, quite firm; seeds, numerous, rather slender, pointed; 
flesh, light colored, very* juicy; flavor, a fileasing combination of 
sweet and acid; quality, very good; season, very late, from May to 
July in Florida. 

Washington Navel. 

(Synonyms, Bahia, Riverside Navel.) 

This orange was illustrated in my report of last year, and a brief 
history of it there given. The name Bahia which was then used is 
that which has the prior claim, but as I stated in that report, Wash- 
ington iSTavel has become so much more commonly used instead that 
the old name which Mr. Saunders, of this Department, gave it is 
forced to give way. There has been so much interest shown within 
the last year regarding the origin and bearing qualities of this 
variety by the fruit-growers of the orange regions, and it is of so 
much practical importance that I have taken special pains to investi- 
gate the entire subject. 

As a result I have to say, that the twelve orange trees which Mr. 
Saunders, as superintendent of the gardens and grounds of this ■ 
Department, imported from Bahia, in Brazil, were all of the same 
variety. After examining the original trees yet in the orange-house 
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here and testing their fruit, and that of their progeny grown in 
manV places in Florida and California, and after reading with care 
nearly all that has been published in the papers on the subject, I am 
convinced of the truth of the above statement. It is claimed by 
some that the two trees (some ignorantly say one,) sent Mrs. L. C. 
Tibbetts, of Riverside, Cal., were a part of the original imported 
twelve and that they were a different variety from the rest. This 
is a niistake. These trees were propagated from the original twelve 
and were sent to Mrs. Tibbetts in 1873, which was three years after 
the importation occurred. Since submitting my former report I 
have visited the two trees and gathered and ate fruit off them. 
They each bear fruit alike in character, and identical with that sent 
me from many places in Florida and California under the two names 
above mentioned, and similar to that produced on the old trees here 
at Washington. 

The name Riverside ISTavel was applied to it in California, because 
the first fruit produced in that State was at Riverside and on these 
two trees. 

In regard to productiveness I have, conflicting reports. In Florida 
it is in many cases reported as being fruitful enough, but more fre- 
quently the reverse. At Riverside I examined many bearing or- 
chards of this variety, and almost always found the trees well loaded. 
Commercial growers there told me that their Washington ISTavel - 
trees bore quite well enough. In the number of oranges on a tree it 
is not equal to most other kinds, but the extra size and quality of the 
fruit and extra price obtained is thought to fully make up for the 
lack in number. 

Although the trees bloom very abundantly, and in most cases the 
fruit sets well, it drops badly soon after setting. Why this occurs 
is a query. After tedious examination of the anthers of the flowers 
of this and many other and more fruitful varieties under the micro- 
scope, taken from the trees here, and those sent from Florida and - 
California, with a view to discover the absence or presence of pollen, 

I am convinced that the Wajshington Havel has almost no pollen. 
The naked eye shows a marked difference; for instead of being yel- 
low with pollen grains, as the anthers of most varieties are, they are 
white; and by the aid of a powerful mocroscope only now and then 
a grain of partially-developed pollen v/as found, Whether or not this 
is the cause of its shy bearing is not certain, for there are supposed to 
be plenty of grains from other varieties floating in the air suflicient 
to pollenize the stigmas of its flowers. 

This variety being almost entirely seedless, it may be thought to 
,be the result of the lack of pollen. The peculiar umbilical mark at 
the blossom end of the orange, which gives the name “Havel,” is 
rather singular. There are, however, other “ Havel” oranges which 
always have this mark, and the same peculiar feature is occasionally 
noticed in many varieties. This is an abnormal chamcteristic, or mon- 
strosity, which seems to me a sort of secondary ^[^nge just at the 
apex of the fruit, or an additional placenta running the length of the 
\^ole fruit, but larger at the end opposite the stem. It will take 
much additional experiment and study before any safe conclusions 
can be reached on this whole subject. The co-operation of all inter- 
ested persons is earnestly desired. 

AG 87 41 
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THE POMELO (aynonym, Grape I’ruit). 


{Citrus pomdcmus.) 

Although closely related to the shaddock, this is a fruit of excellent 
quality. It ripens mainly after the orange is gone and is then 
highly esteemed. Florida produces the best in quality and almost 
the entire amount grown. In the northern markets it is becoming 
popular and will be a rery profitable crop to grow. The flavoi; is 
quite peculiar. It is somewhat bitter, but withal very agreeable, 
especially after a second or third trial. There is to my mind no 
more wholesome and refreshing fimit for dessert use during the 
spring and summer. It should be eaten by cutting the fruit in 
halves crosswise and using a spoon to avoid the bitter taste of the 
rind. 

Most varieties are of large size, often 5 inches or more in diam- 
eter, and nearly round, being slightly flattened at the stem and 
blossom ends. The color is uniformly a light yellow. The nainfi 
“ grape fruit ” was given to it from the fact that the fruits hang so 
' closely along the branches as to crowd each other and in the dis- 
tance look like huge clusters of yellow grapes; but the name is 
otherwise so inappropriate that I have decided to use pomelo instead, 
which name is, however, lees used than the former. 

THE KAJCL* (or Japan Persimmon)^ 

{Diospyros kahi,) 

\ 

So far as I have learned the first trees of Diospyros IcoJci grown in ■ 
North America were from seeds obtained and sent by Commodore 
Perry, of the U. S. Navy, to Lieutenant Maury, in 1856, and were 
planted at the Naval Observatory at Washington. The first fruit 
was produced on these trees in 1860. None of these seedlings, so far 
as known, were distributed or any of their progeny, and the old trees 
are now dead. 

The next introduction of this species was by a lot of seeds imported 
from Japan by Mr. William Saunders, of the United States Depart- 
ment of Agriculture, in 1863. They were planted on the grounds of 
the Department and germinated freely, and a part of the seedlings 
were sent out for trial. Some of the original trees grew to bearing 
size, and in at least one case produced about a bushel of fruit on a 
single tree, but all of these older trees on the grounds of the Depart- 
ment are now dead. Owing to the crude state of pomology in Japan 
it was almost impossible to get grafted trees until about the year 
1870, when the Department of Agriculture imported a lot of grafted 
tj-ees of named varieties. These were distributed all over the United . 
States, but prin^Aally in California and the Gulf States. The nomen- 
clature of these varieties was very imperfect, many trees being with- 
out name, some with dual names, and different varieties with the 
same name, as subsequent experience has proven. 

At the present time (1887) great difficulty is experienced in identi- 
fying the varieties of this fruit; but in response to my requests a 
large number of specimens were this year sent here for study and 
comparison. These were from Georgia, Florida, Alabama, Louisiana, 

^PronoTincsed Kahkee. 
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Texas, and' California. The names attached to ‘the same variety were 
only in a few cases the same. Generally no names were given, o^ 
those evidently wrong, and scarcely a person sending them laid claim 
to their correctness. Great pains were taken in studying and compar- 
ing these specirnens with each other and with the best original draw- 
ings- and paintings of the named varieties of kaki made in Japan by 
native artists. This work is to be vigorously prosecuted the coming 
year (1888), and I trust that all persons who have bearing trees will 
send specimens here, and thus assist in carrying it forward. 

As the result of these investigations three varieties — Hachiya, 
Tane-Nashi, and Yemon — have been quite clearly identified and are 
illustrated on Plates 2 and 3 of this report. Their size and shape are 
exactly given, and their color as nearly as could be copied. 

A great many of the trees sent out by this Department (which in- 
cluded many of the first seedlings grown by Mr. Saunders) died from 
being planted in too cold a climate, and some that were planted where 
they ought to have done well were very much neglected and, having 
done poorly, created little interest. But some of them, under more 
favorable circumstances of both climate and culture, produced ex- 
cellent results, and the nurserymen of the country begp.n to import 
and seU trees. New seedling varieties are now being originated in 
the Southern States, and some are of excellent quality. It is hoped 
to cross this species with our native persimmon and thus get kinds 
that will be hardy and bear large fruit. 

After repeated trials all over the United States it is now known 
that the species will not thrive in a climate where the temperature 
falls to zero even occasionally, and some varieties are still more ten- 
der, as there is considerable difference in the varieties as to hardiness. 
The northern limit of successful growth is about like that of the fig, 
being on aline with Charleston, S. C., southern Tennessee, and north- 
ern Texas, but extending several degrees farther north along the At- 
lantic and Pacific coasts. Georgia, Florida, the Gulf States, and 
California seem well adapted to its culture, and by experienced travel- 
ers in Japan is said to do better here than there, the fruit here being 
larger, fairer looking, and of, better quality. In Calif ornia the fruit 
does not seerp to be as large or as luscious as that grown this side the 
Rocky Mountains, and is not thought so highly of in that State. 
This is, perhaps, owing to the dry climate. The tree is a moi^e 
luxuriant grower than our native species, D. virginiana, and makes 
a handsome ornamental tree, with large, glossy leaves. 

After another year’s observation I have determined that the flowers 
are sometimes perfect and sometimes the stamens are abortive. 
The perfect flowers are always found in the axils of the leaves and 
always solitary. The imperfect flowers are sometimes found in 
clusters. The species may be said to be dioeciously polygamous. 

^ The fruit, in size, is from to 3^ inches in diameter, and an occa- 
sional specimen has been known to weigh 20 ounces. In shape it 
varies from fiat to round and oblong-conic. In color it is from 
chrome-yellow to bright orange-red, the latter being the most com- 
mon. In flavor it is very sweet and the pulp is usually very soft. 
There is, however, considerable variation in both these respects. 
Some of the varieties require frost to make them at all palatalDle or 
before their natural acridity will leave . them. Others are never 
acrid in any stage of their growth. Many kinds are entirely seedless. 

As a fruit it is steadily winning its way ipto the markets of our 
larger cities and may occasionally be found on the fruit stands of 
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our large cities in the North. Up to this date there has been but 
little of the fruit to sell. The largest amount grown by any one 
person or firm of which I have heard was by Mr. J. Crawshaw & 
Son, of Lawtey, Fla. I have been informed that the past year they 
sold about 100 bushels, principally in New York City, at an average 
price of about $7 per bushel. The fruit ships remarkably well, as 
it should be picked a little before it is ripe, and can then be trans- 
ported with perfect safety for thousands of miles. It matures and 
softens very gradually, and makes an excellent fruit to handle by 
retail dealers. It has an additional advantage in being very attract- 
ive in appearance. 

Hachiya.'^ 


This variety grows to the largest size of any I have yet seen. The 
shape is oblong-conic, dropping off rather abruptly to a point. Many . 
specimens are decidedly quadrangular. The color is a dull yellownsh 
scarlet, with small dots, and occasional blotches of a brownish cast, 
generally found more numerous near the apex. 

The flesh is rather firm and of a dull color, Avith reddish streaks 
running through it lengthwise of the fruit. Seeds rather numerous 
and very long and slender. The flavor is sweet when fully matured, 
but quite astringent when only partially ripe. The quality is below 
that of some varieties. It is one of the principal varieties -used for 
drying in Japan. The illustration (see Plate 2) was made from a 
specimen from Lyman Phelps, of Sanford, Fla. 

Tane-Naslii, f 

Size, large to very large, some specimens having a diameter of 
3 inches. The shape is roundish conical, or heart-shaped, and very, 
symmetrical, there being no api^roach to quadrangular, as in some 
others; scarcely any cavity at the base, and stem one-half inch long. 
Color, bright orange-red, without any mixture of dull shades. The 
flesh is quite soft and in flavor a rich sweet; astringent before full 
maturity. It is without seeds. This is another of the varieties com- 
monly dried in Japan. It bears well and is, all things considered, 
one of the choicest varieties. When fully ripe the fruit looks like a 
ball of translucent jelly, and the taste does not belie its good looks. ' 
Specimens illustrated on Plate 2 are from O. P. Rooks, of Gar- 
denia, Fla. 


Yemon. 

Size, medium, the diameter being from 2 to 3 inches ; shape, flat, 
nearly always with four well-marked sides, and the same number of 
deep sutures running into a deep cavity, in which the stem and ca- 
lyx are set. The point is a. little depressed, and indistinct sutures 
run towards the four corners. The color is a bright scarlet. A del- 
icate bloom covers the surface. 

The flesh is of a dull chrome red, and when fully ripe so soft as to 
require a spoon to be used in eating it. The flavor is a most deli- 
cious sweet. It is quite generally thought to be one of the best in 
quality of any yet imported. This fact, together with its habit of 

* Pronounced Hah-chee-yah. f Pronounced Tah-na Nali-shee. ' 
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great frnitfnlness and entire absence of seeds, makes it one of the 
hest to grow. 

The illnstrations on Plate 3 were made from specimens from W. 
W. Thompson, of Smith ville, Ga, 

THE OLIVE. 

{Olea Europea,) 

One of the expensive articles of commerce that we of the United 
States have at present to buy abroad is olive oil. There are vast 
tracts in California, and possibly a few ^ localities in other States 
where the olive will thrive. In fact it is now being planted exten- 
sively in California; in some cases as m.my as 40 acres or more in 
on,e orchard. Recently I had the pleasure of visiting seme of these 
orchards. At the farm of Mr. Edward E. Goodrich, near San Josd, 
in that State, I saw the trees in bearing and the fruit being made 
into oil. Some of the trees had growm to nearly a foot in diameter 
and others were only just planted. This orchard and those of Mr. 
Elwood Cooper, of Santa Barbara, and Mr. Frank A. Kimball, of 
National City, the latter in the extreme southwestern county in the 
United States, are the largest yet planted. Mr. Luther Burbank, of 
Santa Rosa, is largely engaged in the propagation and sale of olive 
trees. It is my opinion that the best lands of the State for olive cult- 
ure have not yet been planted. I refer to the foot-hills of the Sierra 
Nevada and other ranges lying back from the coast, and out of the 
way of the fogs and damp air nearer the ocean. The scale-insect, 
which is one of the pests of the olive, will not be likely to be trouble- 
some there, and there is plenty of cheap land to be had, which in Cali- 
fornia is a desideratum. The rather elevated lands where frost will 
not be severe, and where the soil will not be so rich or moist ms to in- 
duce a too rapid growth, will be the very best for this purpose. 

Experiments are begun in olive culture in Florida, Texas, and 
other Southern States, but as yet no results worthy of report have 
been reached, except that the trees grow well. 

Pickled olives are becoming more popular upon the tables of our 
people, and are very nutritious and wholesome. They are usually 
pickled while green, but to my taste those nearly ripe are much more 
palatable and also more nutritious. The fully ripe fruit in a raw 
and unpickled state is never eaten, possessing a very disagreeable 
bitter taste. The tree is very graceful and serves well the purposes 
of a street or shade tree. 

The two varieties in general cultivation in California are described 
below: 

Mission. 

/ 

V 

About one hundred and sixty years ago the Catholic fathers planted 
trees or seeds of the olive at the old mission of San Diego, now near 
the city of that name in California, which are yet standing and bear- 
ing, although entirely neglected. These trees are the origin of what is 
known in California as the Mission” olive, and which is illustrated 
.on Plate No. 6 in this report. The specimens from which this illus- 
tration was made were taken by me from the orchard of Mr. E. E. 
Goodrich, near San Jose, in Santa Clara County, and fairly represent 
the variety. It is thought to be one of the best known for pickling. 
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and produces an abnndance of oil. Some growers do not considei 
it as prolific as some other varieties. 

PichoMns. 

dliis variety was imported from France by the late B. B. Reading, 
with a number of others, and planted on his ranch near Sacramento, 
Cal., several years ago. All the others died, and after Mr. Reading’s 
death it Avas propagated, supposing it to be a large-frnited variej^y. 
Bnt the first fruit proved to bo quite small. It ripens about six 
weeks earlier than the Mission and bears more abundantly and has 
smaller and narrower leaves. The tree has a ' compact, hardy, and 
vigorous growth and the cuttings root easily. 

THE DATE. 

{Phmnix dactylifera,) 

No doubt many persons are ignorant of the fact that the date palm 
grows and bears fruit in several of the Avarmer parts of the United 
States. In Louisiana there were several bearing trees of this species, 
but the freeze of. 1886 killed all but one of those in the city of New 
Orleans, and if any others are standing in that State I am not aware 
of it. In Florida there are many trees, but only a very few in bear- 
ing. The same is true of California. 

I have no doubt but that the date will within a few years be suc- 
cessfully grown in limited sections of these States, and especially in. 
California and Arizona, where a supply of water sufficient to keep the 
roots moist can be furnished. The conditions suitable to date culture 
are hot and dry air, and rich soil with abundant moisture in it. These 
conditions can be secured much better in a few valleys in the south- 
ern parts of Arizona and California than elsewhere in the United 
States. The air is quite torrid for months at a time, and the irrigation 
ditches will supply the Avater ; but I do not expect that a sufficient 
quantity will be grown for many years to come to supply any consid- 
erable portion of the market demand. 

Last October a cluster of ripe dates Avas received at this Depart- 
ment from Mr. O. F. Thornton, of Phoenix, Ariz., which was one of ' 
three borne by a tree seven years old from seed growing on the 
ranch of Col. F. C. Hatch, near that place. There were a number 
of seeds planted there by Mr. Culbertson in 1880, who afterwards 
sold the ranch on which they grew. This tree had also bloomed in 
1885, but no fruit was matured as the bloom was cut off as a curiosity. 
Only one other tree besides this Avas preserved (the others having 
died in transplanting), and it fortunately is a male. The cluster 
contained 211 fruits of a chrome-yellow color, slightly tinged with 
bronze, and, all told, weighed 5 pounds. The seeds were perfect, 
and many 'of them vere sent to Florida and have now grown into 
thrifty plants. 

THE CRANBERRY. 

( Vaccinium macro carpa , ) 

I 

Although the culture of the cranberry is from climatic reasons 
restricted to a small territory compared with its market range, it is 
by no means an insignificant fruit. It is wholesome and palatable 
to the consumer, and profitable to the grower where he has the right 
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kind of bog-land in the right climate, and has the nece^S^ry money, 
skill, and thought to devote to its culture. 

Cape Cod, Mass., is perhaps the Mecca of the cranberry-grower. 
But there are good bogs in other of the New England States, and in 
New Jersey, Michigan, Wisconsin, Minnesota, and, I think, in por- 
tions of northern Oregon and Washington Territory also. The bogs 
of Alaska may prove to be of much value in this line, as the berry is 
reported to me as grovf ing there in a wild state^ and bearing well. 

One thing we ought to develop, is the foreign trade in fresh cran- 
berries and in the manufactured sauce. This belongs to the com- 
mercial tradesman, but the whole subject ought to be investigated 
and assistance rendered by our General Government wherever possi- 
ble. This would add something to our export trade, and build up 
an industry remunerative to our people and harmful to no one. 

Many varieties have been selected from the wild bogs, and are now 
cultivated and sold as are the plants of other fruits. 

PROPAGATING NUT TREEB. 

The art of budding and grafting nut trees as practiced by nearly 
all persons is attended with many failures. Even in the hands of 
the most intelligent and skillful, it is no easy task. Just why this is 
so neither the scientist nor the practical operator may be able to 
say, but the fact remains a hindrance to those who wish to propagate 
the choice varieties of nuts, which is the only sure way to perpetuate ' 
the character of the fruit. 

One plan which is found to work by some persons in the hickory, 
pecan, and some species of the walnut {Ju^ans) is what is called 
ring-budding. It is done in Juno when the bark “^runs^^ or peels 
easily. Take cions from the size of a lead pencil to half an inch or 
more in diameter, with good healthy but dormant buds. From this 
cion take off a ring of bark from 1 to 2 inches long, including a strong, 
well-developed bud, using great care to in no wise bruise or even 
touch, its inside surface. The branch or little seedling to be operated 
upon should be as near the same size of the cion; as possible. Cut it 
back to a stump, and from this take out a rin^ of bark of exactly 
the same length as the one to be inserted. The ring from the cion is 
carefully split and placed on the stock, being sure that the split 
edges and the upper and lower ends join exactly. To do tins and make 
the bark and wood fit closely, it may be necessary to take off a small 
strip of the bark froln the edge of the ring. The greatest care must 
be used to have the work done neatly and quickly, lest the tender 
surfaces of the cambium are injured by rough handling or by long ex- 
posure to the air. Bind the whole securely with waxed cloth, leav- 
ing out the bud only. Some say to cover the whole, stump and all, 
with a paper sack until the union is perfected, tying it below the 
wound. Others think the cutting away of the top is not best until 
after the bud has taken.’’ If the work is not done in the best man- 
ner it will not be worth while to do it at all. 

Common cleft grafting is also practiced, and other methods of 
grafting, too, both on small stocks at the surface of the ground and 
top-working. E. B. Engle & Son, of Marietta, Pa., have usually 
practiced cleft grafting on the chestnut with success. They find ' 
little difference whether the cions are cut in fall or spring. They 
have been quite successful with cions cut in the grafting season and 



048 EEPOET OF THE COMMISSIONEE OF AGEICtJLTTJEE. 

f 

'put on at once, even so late that the hnds had swollen some. The 
wa^xing Avas done in the common way. 

Others thiiik that cutting the cions in the fall, and keeping them 
lying on the ground with just enough covering of leaves or other 
loose material to prevent evaporation until late in the spring, is quite 
essential, thus retarding their growth until the sap starts in the 
stocks. 

Reports of experiments with all these methods are earnestly 
desired. 


REMARKS. 


In addition to the foregoing described varieties of fruits there have 
been received at this othce hundreds of packages, varying in size and 
' amount from one specimen to a barrelful containing many varieties. 
I wish to acknowledge the deep interest in the work of this division that 
has been manifested by thousands of fruit-growers of the country, who 
have sent specimens and information of a pomological nature. The 
above-mentioned packages contained fruits of almost every kind 
known to this country, from the banana, mango, sapodilla, date, 
and lemon of the most southern regions, to the crab-apple, the dwarh 
blueberry, and cranberry of the north. Alaska and several foreign 
countries have also contributed. It is highly gratifying to have such 
hearty co-operation in my efforts to serve the cause of pomology. It 
is moreover a matter of extreme gratification to me to have had 
many official demonstrations of your own interest in this work, and 
I sincerely trust that whatever has. been done or may yet be done 
by this division shall result in the advancement of the interests of 
those who are producing and consuming our fruits.. 

Obediently yours, 

H. E. Van Deman, 

Pomologist, 

Hon. Norman J. Oolman, 

Commissioner of Agriculture, 


PEACH CULTURE IN THE EXTREME SOUTHWEST. 

% 

[Report of G. Onderdonk, special agent, U. S. Department of Agriculture, Division of Pomology.] 

Sir: In submitting my report concerning the pomological interests of the South- 
west it seems needful to present a preliminary statement of distinctions required in 
dealing with the fruit interests of not only the Southwest but of the extreme South 
generally. ■ 

While the farmers of every section have recognized the fact that certain crops are 
adapted to certain zones, and even that certain varieties in each general class of 
products are inexorably confined to limits presenting the required special conditions, 
yet it is marvelous to behold to what extent the pomologists of the United, States 
have practically ignored this principle in its application to their work, thus entailing 
upon themselves and those dependent upon them in various relations losses so ruinous 
in extent and multiplied in variety of character. It has been too largely assumed 
that in the planting and care of the different fruits it was only necessary to decide 
what variety was desired in order to suit the purpose of the planter, and then to 
plant that chosen variety, without reference to climatic conditions. This is a great 
mistake. 

Applying this- thought to fruit culture, we observe that our people of every lati- 
tude have acted too much upon the supposition that they have only to determine 
the variety of peach desired and then plant that variety, regardless of the zone in 
which it is situated, and utterly ignoring the thought that there are different classes 
of the great peach family, each belonging by nature to its own isothermafl^^zone, and 
refusing to remunerate the care bestowed upon it when subjected to the conditions 
of an unfriendly climate. And nowhere has this mistake proven more disastrous 
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than in the extreme South and Southwest. Observation and the dearest of all 
teachers, experience, teaches that while the fruits may be subjected largely 
varied conditions, yet the stern hand of nature has fixed her bounds, beyond which 
human persistence can not force its way. 

We are compelled to recognize that there are not only special strains of peaches, 
but that there are distinctions more obstinate than those of mere strain, which we 
can hardly define without the use of a term no less comprehensive than the designa- 
tion of race. While we may deprecate the multiplication of distinction and the 
interests of peach culture in the higher latitudes have not required an observance 
of the distinctions of race, because only a single race has been comprehended there 
in the entire range of peach culture, yet when we come to investigate the peach in 
lower latitudes, nature forces her classifications upon us with a perseverance that 
admits of no denial. 

We are o^waxe that our declaration of several types of peaches so distinct as to be 
entitled to the designation of the races will be met with criticism by some more 
Northern minds. But in the extreme South, where difterent races come into part 
competition, the necessity of recognizing the distinctions made by the hand of 
nature is forced upon men of practical experience. Nature seems to have assigned 
to each race special conditions, and therefore special zones. We find that while a 
single race (the Persian) occupies the northern extreme, and another race (the Peen- 
to) occupies the southern extreme of the general fruit zone, yet the intermediate 
zones of the different races so overlap each other that in some cases two or more 
different races are found successful upon ground common to each other. 

In defining the different races it is quite impossible to avoid the use of terms that 
are not more or less arbitrary. And yet we must have names to identify things. ' 
Should we employ any names in our designations of the races of the peach that are 
illy applied we shall be glad to have them substituted by designations more fitting. 

THE PERSIAN RACE. 

This race includes all varieties springing from the importation from Persia to Italy 
during the reign of the Emperor Claudius, which was introduced into Great Britain 
about 1550, and to the American colonies about 1680. They are all late bloomers 
and can not carry their foliage through the growing season of the southern portion 
of the belt in which they are cultivated. This race includes the varieties usually 
propagated in the northern nurseries and composes the bulk of the northern or- 
chards. By designating this race of peaches as Persian there is no intimation that all 
peaches are not of primal Asiatic origin. But as the history of this race is univer- 
sally conceded, tiiere can be no question of the propriety of giving it a name refer-' 
ring it to the country of its origin.. 

We refer to the accompanying diagram, representing the relative position of the 
different races with reference to the isothermal lines. In Texas this race seems suc- 
cessful as far down as Palestine and at some elevated points below. The identifica- 
tion of the isothermal lines bounding these various zones would be a matter of prac- 
tical interest to our people. 

THE NORTHERN CHINESE RACE. 

This race, as far as we have become acquainted with it, consists of the Chinese 
Cling and its numerous progeny. It does not seem to exist in great perfection in the 
northern portion of the general peach zone. It attains its greatest perfection in the 
latitude of northern Texas, and flourishes nearer the coast of Texas than the Persiaii 
varieties. It succeds -well as far southward as Austin, while below that point it 
diminishes in productiveness and longevity till a little below Gonzales ; most of 
its varieties become worthless. We would expect it to succeed everywhere in the 
zone corresponding with the one indicated by the places in Texas which we have 
named. Some of its varieties (notably the Thurber) creep still farther south under 
the influence of a moist atmosphere. It might be remarked here that there are found 
‘ to be notable instances in which a humid atmosphere causes fruits to flourish below^ - 
what would otherwise have been their limit. 

The Northern Chinese race is remarkable for the great size of its fruit, as well as 
the peculiar almond-like appearance of its foliage, so peculiar also to the Southern 
Chinese race of peaches. Judging from what w^e can see. of the Chinese peaches in 
the United States, we might conclude that there is quite as much contrast in China 
between their northern and soutliern types as we can observe in the great peach belt 
of our country. 
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THE SPANISH RACE. 

We have been calling this race Spanish because we could not trace its htetory with 
any certainty farther than Spain. It appears to have been introduced from Spain 
to Mexico some two hundred and fifty years ago by the Catholic missionaries.' It 
seems to have come to Florida in a similar way. It has been so long cultivated from 
seed in southern climates that it has become developed into a distinct race. The 
varieties of this race are mostly early bloomers, and they continue to grow through- 
out the long Southern season till interrupted by the comparative cold of our winters. 
This race has become widely scattered in the Gulf States and constitutes a hardy 
race of seedlings which have become the foundation of many choice varieties, cor- 
responding closely m quality and appearance of fruit with some of the standard 
varieties of the Per-ian race. Prior to the introduction of the southern Chines© 
race into the extreme South, the Spanish race supplied the only possibility of suc- 
cessful peach orchards in the coast region of the Gulf. The relative isothermal 
position of this race will be seen by reference to the accompanying diagram. 

, THE SOUTHERN CHINESE RACE. 

This race, as far as it is now represented in the United States, consists of the 
Honey peach and its progeny. Mr. Charles Downing, of New York, obtained some 
seed from China, and the original Honey tree seems to have been the only result of 
this lot of seed. The high latitude in which Mr. Downing lived was so unfavorable 
to the race that the original tree never fruited. But a budded tree was given to Mr. 
Henry Lyons, of Columbia, S. C., about 1855. The variety was placed in the hands 
of Mr. P, J. Berckmans, of Augusta, Ga., and the entire stock was held by him 
until 1858, when it was sent out for the first time ; but it was not of superior value 
at Augusta, being still above its proper zone. When it was tried in Florida and in 
southern Texas it was found to be of very special merit; it ripens a little before the 
Tillotson. Several seedlings have been produced from it of special value to the ex- 
treme South, where the early varieties of the Persian race range from uncertain to 
impossible, according to the thermal conditions of the locality. This race supplies 
our hardiest trees in the coast country of Texa^ and will always bear well, however 
mild the preceding winter. This race is not valuable in extreme north Texas. I 
have not obtained its proper northern limit, but have represented its zone on the 
diagram as falling a little short of that of the Persian race. 

THE PEEN-TO RACE. 

Tliis race was intoduced by Mr. P. J. Berckmans, of Augusta, Ga. He Imported 
the pits from Australia in 1859. It was found worthless at Augusta, being above 
its proper zone ; but it has been found of decided value in Florida. In the coast 
region of Texas generally the fruit of the Peen-to is mostly lost on account of its 
extremely early blooming. In southern Ijouisiana and in our extreme Southwest, 
at Brownsville, Tex. , it promises better and may be found valuable. In general 
terms, I should say, after watching the Peen-to for a number of years, that in south- 
ern Texas generally this race is yet too far north to be successful, and belongs be- 
low the isothermal lines of 70 ". Several seedlings of this race have been obtained' 
which seem to be of great value only when far enough south to be in an orange- 
growing country. In fact, it would be interesting to see how far south of the zone 
ef any otlier type this race might flourish. 

There are some hybrids beween the Peen-to and south Chinese type which promise 
highly. This race will undoubtedly prove to be a tropical type of peaches, fully 
at home among the oranges, lemons, bananas, pine-apples, guavas, and cocoa-nuts. 

SUPPLEMENTARY. 

A survey of the Hmits of the different zones embraced in our general peach belt 
presents to the mind the interesting conclusion that, if the proper races are selected 
as material, peach culture is possible in every latitude of our great country, from 
the Great Lakes to our extreme Southern limits. 
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Chart showing relative situation of the zones of the different races of peaches in the 

United States. 



GRAPE culture. 

My observations upon the subject of grape culture in the extreme Southwest have 
extended through a period of thirty years. I have planted of every family of grapes 
known to our horticulturists, and carefully watched the results. I have, closely ob- 
served the plantings of others, and the comparisons which I have been able to 
make during the present year have added confirmation to the generalizations that 
have been developing for some years. 

Nothing seems more certain than the fact that generalizations governing the loca^ 
tion of the different races of the peach have a parallel in viticulture. Yet it seems 
that the modifications resulting from variations in the degree of humidity are more 
marked in grape culture. 

During my investigations of the present year I visited the vineyard of Mr. Hatch, 
at Ingleside, near Corpus Christi, Tex. While no variety of V. lahrusca or V. ro- 
tundifolia has been of any considerable duration anywhere in the general region, it 
being the zone of the Herbemont type and V. candicans, yet I there saw different 
varieties of V. lahrusca and various hybrids, all growing in the utmost perfection 
among those of the Herbemont type. A single Scupper nong covered a space of not ' 
less than 3,000 feet and in full bearing. Mr. Hatch’s vineyard is situated upon a 
peninsula, with some miles of water on three sides, and the Gulf also supplying 
vapor for the region. The entire site is composed of sand to a great depth, perhaps 
30 feet. The success of these varieties may probably be attributed to modifications 
by the humidity of the local atmosphere, as the same varieties failed in similar soil 
at other places. 

In the vineyards of Corpus Christi, the soils varying, there was a general same- 
ness of results in reference to the classes of grapes. In the vineyard of Mr. John 
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McCampbell, 2 miles back of Corpus Christi, on elevated ground, where inland 
inlluences prevail the varieties of V. lahrusca were a failure. His best success Js 
with varieties of tl-e Herbemont type. In all of these vineyards there are several 
varieties of V. growing in great luxuriemce and productiveness, v Unfortu- 

nately few cultivators have a correct nomenclature for their grapes. There seems 
to be no phylloxera in that region. 

In the vineyard of Mr. Hatch at Ingleside the V. vinifera are said to ripen well 
on an average of about every alternate year. Of the remaining crops the loss from 
rot varies from 20 per cent, to total, while under more inland influences the rot is 
less severe. The decay seems to depend upon the amount of dew or rain during the 
ripening season. 

It is interesting to note that the very loose sand of Ingleside is such that phylloxera 
can not work in it, and therefore a whole section of about 25 square miles may' be 
expected to be always proof against phylloxera. The bearing of this fact upon the 
value of the locality for the production of raisins is interesting to the country , -as 
phylloxera will no doubt finally infest every soil of the country suited to their pres- 
ence. It is also am encouraging reflection that the varieties of V. vinifera that may 
be found generally suited to the climate can probably be preserved upon stocks of 
the V. rupestris, which is indigenous to portions of Texas. 

At Point Isabella and Brownsville, varieties of the European type were formerly . 
successful. But now these varieties are all either dead or in a. dying condition in 
every case which I could find, while Lenoir and Herbemont (both proof against 
phylloxera) flourish in perfection. It was inferred from appearances that the V. 
vinifera died from phylloxera, but I did not have lenses to investigate closely. ■ 
At Matamoras the same state of grape culture exists. 

At Laredo, Tex. , I examined many plantations of grapes. I found V. vinifera 
varieties composing the bulk of the plantings there. The few plantings of Herbe- 
mont type were entirely promising. The growth of these two classes is vigorous and 
the plants productive. There appeared no evidence of phylloxera at Laredo. This 
is a high region with the atmospheric condition of the arid country around it. 

U. vinifera and Herbemont types represent all of the successful plantings at Laredo. 

I saw many plantings of different types, which wwe evident failures. 

Whatever rnay in the future be supplied to southwestern Texas from combina- 
tions betAveen indigenous classes or classes that may prove adapted it is very plain 
that, aside from varieties of the U. vinifera and Herbemont types, we have nothing 
now that will give success in the extreme Southwest except under local conditions. 
The Herbemont and Lenoir, both of which are purely wine grapes, seem better 
adapted and hardier than any other varieties. In fact these varieties succeed iri 
the utmost perfection and make of nearly the entire State of Texas a natural wine- 
producing region of enqrrnous capacity, if it should ever be developed in that direc- 
tion. Of these two varieties the Lenoir attains its greatest success in the southwest, 
and will probably not prove successful in northern Texas, while the Herbemont 
region seems to cover the entire State. There are a number of new seedlings of 
this type, also others of various combinations now on trial, which present possibili- 
ties of vast service in the future. 

Respectfully submitted. 

G. Onderdonk, 

' \ Special Agent, 

Hon. Norman J. Colman, ^ 

Commissioner of Agriculture, 
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REPORT OF CHIEF OF SEED DIVISION. 


Sir : In presenting my third annual report I am able to announce 
progress in the direction of efficiency and usefulness. For this I am 
indebted to your practical suggestions and hearty co-operation, as 
well as that of my assistants, who have manifested a lively interest 
in making my Division a creditable one in one of the most impor- 
tant Departments of the governmental service. 

The system of toting the seeds which has now been in successful 
operation for mor®^an two years is all that is to be desired in that 
direction. As a result of this, the amount of worthless and sterile |p 
seeds offered for sale to the Department for distribution by this Di- 
vision has become so small as to be hardly appreciable. 

This, together with the strong guaranty now required of those 
who furnish seeds to the Department, has enbcted the most desirable' 
results, for it is an indisputable fact that a better class of seeds has 
never been disseminated than that which is now being distributed 
annually. The f ollowing quotations from a few of the many recipi- 
ents of them in all parts of the country are but a fair sample from 
the many hundreds of reports that are received each year : 

‘ ‘ When I compare the vegetables that are now in our market with the market 
forty years ago there is a. marked difference, and I believe the distribution of seeds 
by the Government has been a x^otent factor in making the difference.’’ 

“We have found all seeds sent to us from your Department exceptionally clean 
and bf good germinating qualities.” 

“ All seeds received from the Department have germinated well and proved true 
to description. I consider the distribution of great value to this country, as it places 
new and desirable varieties in the hands of people in different localities.” 

‘ ‘ The garden seeds received from you compare favorably with those received from 
our best seedsmen, and possess the advantage of being more certain to germinate.” 

“ I am confident the system of distribution by the Department of Agriculture has 
not only introduced many new and valuable varieties but has been the means of 
improving standard seeds.” 

‘ ‘ There is no doubt as to the practical value of the Department of Agriculture to 
the farming interests of the nation.” 

A prominent agricultural writer^ in speaking of the benefit of the 
seed distribution, says: 

A great deal of good has been done by the Department of Agriculture. The in- 
troduction of the Sorghum plant is a noticeable example, for the value of the crop, 
according to the census of 1880, was $11,000,000, Scores of varieties of most ex- 
cellent seeds have been put within the reach of the masses of the people, who would 
not otherwise have obtained them because of the exorbitant prices charged for them 
by unscrupulous dealers who have been among the first to condemn the Agricult- 
ural Departments 

The business of the Seed Division is to receive, keep a correct and 
classified list of seeds; to subject these to a double test before accept- 
ing them; to store away systematically all the seeds purchased; to 
receive and care for all the miscellaneous supplies needed in putting 
up and distributing the same; to make paper pockets and cotton bags 
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for th .0 reception of seeds; to estimate the number of the same requi- 
site for each variety; to prepare copy for seed-pocket labels, com- 
prising the name of seed, and, when deemed necessary, directions 
for planting and cultivation;'*' to put up seeds in quantities suitable 
for distribution; to prepare large numbers of packages of the various 
kinds to meet any exigency that may arise; to fill, as received from 
the Commis'sioner or chief clerk of the Department, the orders of 
Senators, Representatives, and Delegates in Congress; to address the 
required number of franks and postal cards; send seeds to about 
4,200 State and county statistical agents of the Department, to agri- 
cultural colleges and experiment stations, agricultural societies, and 
to miscellaneous applicants throughout the entire country, and do 
such persons in foreign countries as desire to effect exchanges with 
this Department; to keep sets of books in which entries in detail are 
made of all seeds received and of all distributions (with the excep- 
tion of those to members of Congress); to make. up at the end of 
each fiscal year an alphabetically arranged statement showing in 
full the quantities, species, and varieties of seedllRceived by the Di- 
vision during the year, as well as preparing al^abulated statement 
showing the distribution of seeds during the same period; and to do 
much other necessary work of such a character as not to be easily 
classed under any particular head, but none the less essential to the 
usefulness and efficiency of the Division. 

Seed growing having become an important industry of the United 
States it has become a necessity that seed cultivators should know 
something of the habitat of the seeds with which they experiment, 
for if seeds be grown in a latitude unsuited to them, failure will be 
the invariable result. We know the effort -to acclimatize the olive, 
fig, and banana in the open air where the thermometer falls below 
zero has always resulted in the loss of the plants. Different locali- 
ties often seem best adapted to different varieties of the same family, 
as is apparent in the grasses. Timothy grass is grown largely in 
Illinois, Wisconsin, and ISTew York; Red Clover in Michigan, Ohio, 
^and Indiana; Lucerne or Alfalfa mainly in California, while Blue 
’ Grass and Kentucky are so closely associated that the mention qf 
the one suggests the other. The problem of acclimating varieties 
must necessarily be one of slow growth, inasmuch as mere examina- 
tion of seeds can never take the place or afford the certainty of 
practical experiment. 

For this and many other reasons there is a pressing need for greater 
unity of action among practical scientific agriculturists throughout 
our country. hTot only would time and labor be saved, but better 
results would be obtained with concert of action. Science with 
practice will be sure to achieve results immeasurably greater than 
would either, unaided by the other. A correspondent residing in 
southern Texas, in a recent letter to the Department, says in regard 
to the value of Northern seeds for planting in the South: 

One thing I have learned, and that is, that the farther north we can procure our 
seed corn or other seeds the earlier the crop will mature. For instance, seed corn 
will mature thirty-eight days earlier from seed grown in Ohio than from seed of 
the same variety procured from Mexico. 

* A complaint has justly been made to this Department that no directions accom- 
panied the packages of seed of the Russian forage plants, whether the seeds should 
be sown broadcast or drilled in and cultivated. An earnest though unsuccessful 
effort was made to procure the desired information in time for the spring distribu- 
tion. 
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Seed is the foundation of farming, and good seed of good farming. 
All seeds should he tested both for vitality and purity. It is a fact 
well known by practical seedsmen that a very small percentage of 
impure seeds means very many in a bushel. 

In the last decade a new impetus has been given to the agricult- 
ural interests of our country. Our Southern farmers and the nW set- 
tlers of our Western Territories have awakened to the necessity of 
utilizing more fully the great advantages we possess in soil, climate, 
and productiveness. The question as to what seeds are best adapted 
to different localities, even in the same latitude, but affected by various 
altitudes, wnnds, and ocean currents, is becoming one of no small 
importance, and points to the practical benefit of judicious care in 
the selection of seeds to be planted and great watchfulness as to 
results. 

This is most fully illustrated in the case of Florida. All of Florida 
lying south of the twenty-ninth parallel is in a belt of northeasterly 
winds and can not therefore be included with e . voi Georgia, Alabama, 
Mississippi, and Louisiana in climatic conditions or productions. The 
inference from observation connected with these facts is, that food 
and fodder plants for this section must be sought and found in coun- 
tries having climatic conditions similar to its own. 

It is believed from these climatic comparisons that Florida, the 
arid portions of southern Texas, and southern California must look 
to Egypt, India> and Japan for vegetable stock. The Department 
has and can aid materially in being able to furnish these new and 
valuable seeds for experiment in localities seemingly adapted to their 
successful cultivation. The Government holds it in its power to do 
this, where private enterprise would fail for want of means or requi- 
site information on the subject. In furtherance of this design and 
in accordance with the law establishing the Department of Agricult- 
ure for the purchase and distribution of such seeds as are ‘ ^ rare or 
uncommon to the country substantial progress has been made by 
the Department. , 

The farmers in western Texas are earnestly endeavoring to find 
grains that will germinate, grow, and mature with the smallest' 
amount of water, which, though limited to 10 or lo inches of rain- 
fall each year, may yet be made a growing quantity. The great 
question now being asked by this growing section of country is how 
to use sunshine and rain to the best interest of the farmer. By means 
of the cordial co-operation of the Botanist of the Department with 
this Division, seconded by the earnest efforts of the Commissioner, a 
measurable degree of success has attended the procuring and intro- 
duction of several new and valuable grasses for both summer and 
winter grazing on some of these half-barren jjlains, where, without 
suitable grasses, agriculture must necessarily be neglected and prog- 
ress retarded. 

In the solution of an agricultural problem of so much importance 
in a country extending through so wide a range of latitude, a climate 
so diversified, and with agricultural interests the greatest in the 
world, the Department of .Agriculture must ever be an important 
factor. 

The tendency to place all sorts of vegetable seeds upon the market 
under new names will continue until some system shall be inaugu- 
rated conjointly by the creation of a purely Agricultural Museum 
under the supervision of ih% Department oi Agrioulture and with 
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the co-operation of the directors of the Experiment Stations of the 
various States and Territories. 

Without such a check, new names for old varieties unworthy of 
dissemination will continue to be increased, and extravagant notices 
of so-called new things will be continued. The primary object of 
the Department in procuring and distributing seeds is to substitute 
superior varieties for those which have deteriorated by reason of re- 
peated planting in localities where each does not maintain its orig- 
inal vigor or standard of excellence. In this connection I desire 
again to call the attention of intelligent cultivators who may receive 
one or more varieties of seeds, to the importance of making a care- 
ful report of the adaptation of each to the locality and soil, with the 
view of furnishing the Seed Division of the Department of Agricult- 
ure with an array of facts of great practical interest for compilation 
and future reference, and for guidance in making purchases for 
subsequent distribution. This is one of the many reasons why all 
important facts connected vhth the cultivation of new varieties should 
be carefully noted, and the result (with name of variety) promptly 
reported early in the month of December of each year, in order that 
the deductions therefrom may be embodied in the annual report. 

During the past year increased attention has been given to send- 
ing out blanks for reports on the merits or demerits of the most im- 
portant and valuable seeds distributed from this Division. The re- 
plies to these queries are condensed and arranged according to 
varieties and localities and kept on file, thus enabling the Seed Di- 
vision at any moment to furnish information upon seeds sent out by 
the Department. These reports for the present year have been in 
the highest degree satisfactory, and^ a growing desire is manifested 
from all parts of the country to obtain Department seeds, as being in 
every respect reliable. We would here call the attention of those 
sending such reports to the necessity of noting the names of the 
varieties received. Many reports that are highly satisfactory as to 
germination, quality, and productiveness of the seed can not be 
made available and are useless because the name of the variety is 
not given. 

The Department still continues the system inaugurated some years 
since of exchanges of seeds with foreign countries, as has been shown 
by a former reference, and by this means useful and ornamental 
plants are procured and international courtesy fostered, for it is a 
noticeable fact that in the equitable interchange of seeds and plants 
which have taken place between our own Government and those of 
foreign countries our friendly relations therewith have been greatly 
strengthened and promoted. In no Department of the General 
Government has the expenditure of so small a sum been productive 
of so much good as that expended in the introduction and dissemina- 
tion of valuable seeds and plants, thus verifying the French maxim, 

“ Le don d’une plante utile me parait plus piricieux que la d^couverte 
d’une mine d’or, et un monument plus dr.rable qmune pyramide.’" 
(‘'The gift of a useful plant is much more precious than the discovery 
of a gold rnine, and a monument more durable than a pyramid.^’)- 
Perhaps it may be safe to say that at no time since the establish- 
ment of the Department of Agriculture has the correspondence of 
tlie Seed Division been of more interest or of greater importance to 
the interests of agriculture than at the present time. 

It embraces a wide field of inquiry, experiment, and facts, derived 
from both domestic and foreign sources. The accounts of experi- 
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ments with new or hitherto unknown varieties in forage, grain, 
tobacco, and cotton products become through its means the property 
of every intelligent farmer. The experiments with old varieties in 
new localities and the reports received from agricultural societies 
and individuals in every section of the country are of growing im- 
portance. The inquiries and replies from our consular agents in all 
parts of the world in regard to the new varieties of products which 
are now being so extensively introduced from Japan, Corea, and the 
islands of the sea, Avith the interesting accounts of their successful 
cultivation in the different sections of our own widely extended and 
rapidly developing country, embrace but a small part of the corre- 
spondence of the Seed Division. 

We append some of the most interesting. The Persian Tobacco, 
which is now being disseminated, is produced in Hindostan and the 
provinces bordering on the Caspian Sea. It is highly esteemed and 
sought after by the wealthier class of Orientals for smoking through 
rose water, and is exported to Russia, and used in the manufacture 
of cigarettes. 

The boom which Tobacco has taken in Florida in the past two 
years has created a great inquiry for good and new varieties of the 
weed. The Delli (or Sumatra) has been a variety for which there 
has been the greatest demand. This Tobacco is originally from Delli, 
a very large and populous colony of Sumatra. The Dutch authori- 
ties hoard it with jealous care, and it is difficult to obtain the seed 
for foreign growth. The tobacco from all the districts of the east 
coast of Sumatra goes into the market of the civilized Avorld under 
the name of the Delli. The Floridian, of Tallahassee, Fla., pub- 
lished the folloAving account of the result of growing tobacco in- 
Leon County from Sumatra seed, sent from the Department of Agri- 
culture at Washington for free distribution : 

Last Saturday Mr. J. C. Shine brought to the Floridian office a single stalk, which 
was about as much as he could well carry, with a number of the largest leaves cut 
off. The plant was over 4 feet 10 inches high, and the leaves 29 inches long and 
over 18 inches broad. Many persons have examined this sample plant who know 
good tobacco when they see it, and all agreed that it was very fine and that they 
never saw tobacco equal to it. Mr. G. K. Clark, who comes from the famous Suf- 
field tobacco section of Connecticut, says it eclipses anything he ever saw in the 
tobacco line. 

The high prices demanded for the Sumatra tobacco have led to the 
formation oi a company that has purchased large tracts of land in 
Florida and will go largely into tobacco growing next year. There is 
no reason why that State should not take a high stand among the 
tobacco-growing States of the nation. 


REPORTS OF EXPERIMENT STATIONS, AGRICULTURAL COLLEGES’ 

AND ASSOCIATIONS. 

CEREALS. 

Corn. 

The White Giant Normandy gives excellent satisfaction from southern Alabama 
to northern Missouri. The Mosby produces finely from central Florida to central 
New York, on the Atlantic border, and also makes a wonderful yield in the Missis- 
sippi Valley. Pride of the North produces splendid crops in the Spring-Wheat grow- 
ing districts as far north as central Wisconsin and southern Dakota, Yellow 
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Mammoth King is reported' as being valuable in central Texas, in Iowa, and in 

northern Wisconsin. , ' 

California Agricultural College : The Mosby made a very fine growth and gave 
a heavy yield, the largest of several varieties tried this year. 

Florida Agricultural College : The Mosby has a vigorous stalk, but the ears were 
not well fiil^. 

Louisiana Experiment Station : The Mosby is a fine variety. 

Mississippi xigricultural College : The Mosby is one of the best varieties with us 
when planted on good land. 

Missouri Farmers' Club : The Pride of the North very early, and very valuable 
on this account in dry seasons. 

North Carolina Lenoir Orange : The Mosby was excellent, very prolific, four or 
five ears to the stalk ; central North Carolina especially adapted ' to its production. 

North Carolina Experiment Farmer : Mosby did splendidly, very i)roIific, earliejr 
than most varieties. 

Texas Bee-Keepers' Association : The White Giant Normandy is a desirable variety 
for Texas, yields about 60 bushels per acre, and two weeks earlier than common. 
Texas Honey Grove Orange : The Mosby is an excellent variety. 

A report from Klickitat County, Wash. Ter., says: ‘‘Mosby’s Improved Prolific 
Corn will prove of incalculable benefit to this section at the present time on account 
of the destruction of the native grasses by too close grazing.” 


Oats. 

Burpee’s Welcome are raised successfully from central Florida to southern Maine, 
but apparently increase in quantity and improve in quality as they reach more 
northern climates. In Maine 11 pounds of seed produces 84 pounds of grain. 

Connecticut Experiment Station: Victoria “were perfect” and are especially 
valuable where oats are made into hay. 

Maryland Statistical Correspondent : Hargett’s Vv^hite (seizure) proved a success, 
and are admirably adapted to central Maryland. 

Pennsylvania State College : Hargett's White (seizure) Oats grew thrift}'', with 
good broad leaf! and produced a go(ii stand of straw and yield of grain. 


Wheat. 

Kentucky Agricultural Experiment Station : Thus summarizes results of varieties 
tested: The Crinaean, Egyptian, Indian Wheats, and Genoese were valueless, being 
unable to withstand the winters. The McGehee White was defective in having a 
weak straw. The Martin’s Amber proved almost a failure. The Diehl Mediterra- 
nean proved to be an excellent variety and deserves attention by the farmers of the 
State. Of the three other varieties sent out by the United States Department of 
Agriculture, the German Emperor is a very promising variety. The Mediterranean 
Hybrid yielded more than any variety. It certainly is very promising and the 
best wheat we had this year. The Extra Early Oakley with us has proven itself a 
most excellent wheat. This wheat was so promising that some samples were sent 
out to try it on a larger scale. Dr. R. J. Spurr sends the following report: 

“ The Extra Early Oakley Wheat which I got from you has given me much sat- 
isfaction. I have noticed this wheat on the State College grounds for the past three 
years, and was impressed by its characteristics, and feel free to say that no greater 
boon could be conferred upon the farme’ s of this State than a general dii^tribulion 
of it throughout our State.” 

Connecticut Agricultural Experiment Station : Martin’s Amber, Four Rowed 
Sheriff, Diehl’s Mediterranean, McGehee’s White, Raub’s Black Prolific, German 
Emperor, and Fulcaster all do well in southern Connecticut. 

Georgia Statistical Correspondent : The “ Good ” variety will be a success in West 
central Georgia, 

Texas Pomona Grange : The Fulcaster is a little later tlian other wheats but grows 
taller and will no doubt be a success in northern Texas. 

Cotton. 

Arkansas Souul Creek Farmers' Chib : Shine’s Prolific is a vigorous grower, stands 
drought well, and holds its fruit better than most of the cotton tried. 

Texas Agricultural and Mechanical College : The Jones’ Improved and the S. B. 
Maxey were treated in exactly the same manner and after ginning, the lint and seed 
of each were weighed separately, and were next submitted to prominent and re- 
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liable cotton buyers, who were unanimous in their classification. The following 
table gives the results in full : 


Variety. 

4 

Weight of 
seed cotton 
per acre. 

, 1 

Weight 
of seed 
per acre. 

AVeight 
of cotton 
per acre. 

Length 

Classification. oi ’ 

! staple. 

.Tnnp.s fTmDroved^ 

Pounds. 

557f 

557^ 

1 

Pounds. 

378^ 

375. 

Pounds. 

178^ 

182^ 

Good middling ... f inch. 
Middling 1 inch. 

S "R TVTd.ypv 



Both varieties were classed below the average of cotton raised in this (Brazos) 
country. The yield is about an average for our uplands, making about 1 bale to 

every acres. 

Clover. 


California Agricultural College : Alfalfa is the chief reliance for hay and pasture 
in the irrigated districts of this State. Alsike grows well with moderate irrigation. 

Pennsylvania State College : Alsike wintered well, grew very thick, and yielded a 

fair second crop. i -n 

Wisconsin Experiment Station : Seed of Alsike produced vigorous plants and will 

prove very valuable for pasture on moist lands. 

Teosinte (Eucliloena luocurians). 

Florida State Agricultural College : Teosinte is very difficult to cure in Florida 
by reason of its extreme succulence, but is very productive and ' valuable plant for 
green soiling. 

Missouri Agricultural College : Teosinte did well and promised to be a good for- 
age plant; worthy of further trial on a larger scale. 

IMssissippi Agricultural and Mechanical College: We are much pleased with 
Teosinte, but wish to give it further trial before giving an opinion of its value. 

Texas Bee-Keepers' Association: Teosinte is a wonderful forage plant; stands at 
the head of the list. 

Texas Ledbetter Grange: Distributed Teosinte among its members, and some re- 
ported that 15 to 20 stalks grew from one kernel of seed and attained a height of 
to 12 feet. Stock are very fond of it, and it is pronounced a valuable plant if it will 
produce seed. 

D. Chalmers Ervin, Narrows, Brevard County, Fla., writes: ‘‘ Out of a few small 
- parcels of Teosinte sent me I got one-half dozen good specimen plants. These were 
planted September 1, and matured about January. These were planted on shell hum- 
mock land, and made as many as 10 or 12 branches to a single stalk. I am satisfied 
that it is a valuable forage ifiant and will thrive in this locality.” 

J. S. Erwin, Kirksville, northern Missouri, gives the following as his experience in 
the cultivation of Teosinte: In the spring of 1884 I procured a few seeds which I 

planted in one row, hills 4 feet apart, planted in the middle of May, two seed to 
the hill, cultivated same as corn. October 15 I cut some of the best hills and 
weighed them; the heaviest weighed 62 pounds. After being dried for two months 
in the shed they weighed 22 pounds. The following year I procured more seed and 
planted about an acre, hills 4 by 4 apart, same hills weighed 44 jjounds. Counting 
the entire crop at this rate the result would be 116,600 pounds green fodder, or 
41,200 pounds of cured. 

“ I do not think that this is the maximum, as I claim no particular skill, and the 
crop had scarcely a fair chance, as the weeds and grass were allowed to almost 
ckoke it at first. The ground was heavily manured, but would hardly have pro- 
duced 100 bushels of corn to the acre under the most favorable circumstances. The 
growth was about five months, the height about 9 feet. It is relished by all kinds 
of stock, from horses to hogs. 

“ In the spring of 1886 one of my tenants planted less than one-half an acre on 
ground which had been in cultivation for fifteen years without manure, and would 
not have produced more than 40 bushels of corn to the acre. The result was four 
large loads of dry fodder, probably equivalent to 6 or 6 tons per acre, although the 
season was an excessively dry one.” 
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A sample of Teosinte was examined by the Chemist of the Department with the 
following results: 


\ 

Original sub. 

Dry sub. 

Air dried. 

Moistur© 

Per cent. 
88. 57 
1.57 
.41 
5.39 
2.41 
1.71 

Per cent. 

1 

Per c^nt. 
12 

12.01 
3.13 
41.25^ 
18.5 
13. 11 


13. 65 
3.56 
46. 87 
21.02 
14.9 

Oil 

Nitrogen free extract 

Crude fiber 

Albuminoids 

Nitrogen 

100 

100 

100 

.274 

2.38 

2.1 



For comparison, analyses have been copied of clover and timothy hay : 



Clover. 

Timothy. 

Moisture . , . 

Per cent. 
15.02 
5.15 
1.98 
40.12 
26.^35 
11.38 

Per cent. 
12.59 
4.23 
2.03 
44. 88 
29.93 
6.36 


Oil : 

Nitrosren free . . . 

OnidG fiber 

Albuminoids — 

m 

■100 

100 


Thus proving that the Teosinte is considerably richer in albuminoids than other 
fodders, and is on that account valuable to combine with feeding materials poorer 
in nitrogen. 

Kaffir Corn. 

Arkansas Farmers' Club: It is almost impossible to say too much in its favor as 
a grain and forage plant. 

Florida Agricultural College: Kaffir Corn has proved a valuable acquisition to 
our forage plants whether green or dry. The grain is also a consideration, as so much 
more can be grown per acre than from Indian Corn. 

Mississippi Agricultural College: Kaffir succeeds well in central Mississippi. 

North Carolina Experiment Farmer: Kaffir Corn is a splendid forage plant and 
yields an abundant crop of grain. 

Texas Bee-Keepers' Association: Kaffir Corn is a success and is one of the best of 
forage plants. The seed is highly relished by poultry. 


REPORTS ON MISCELLANEOUS SEEDS AND FIELD CROPS. 

Russian Forage Plants. 

Dakota Territory, Grant County: Vida villosa does well, grows luxuriantly, lives 
over the winter, and comes out in spring in fine order. 

Idaho, Ada County: Jaeger Beans germinated well and grew luxuriantly. Vicia 
villosa germinated and grew well and was a success. Blue Lupins germinated 
and grew finely, but failed on account of too much moistfire. 

New Jersey, Salem County: Vicia villosa grew luxuriantly. If sown not too 
thickly on good rich land it may be profitable. Spergulum Maxima grows very 
rank when sown upon good ground and promises to be a good forage plant and feed 
for sheep. 

North Carolina, Moor County: Blue Lupins is a good forage plant and yields 
about 50 per cent., but not as good as the Southern Lupins, which grows in North 
Carolina and is highly prized as a fertilizer when turned under while green. 



/ 
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Abyssinian Grass {Eragrostis Ahyssinica). 

Texas Agricultural Society: Had much to contend witJi in wind and rain, but 
some of it being cured for hay it proved to be very fine. Pronounced the finest 
grass seen in this region. Cattle are very fond of it. 

Texas Horticultural Association : Perennial rye-grass and Texas Blue excel all 
others in central Texas for winter pasture. Whoever invests in these grasses will 
make no mistake. 

Millet {Oryzopsis cuspidaia). 

Kansas Agricultural State College : Indian millet does remarkably well in north- 
eastern Texas. 


Potato. 

* 

Michigan Agrioultural College : The Polaris variety is smooth, good shape, fair 
size, ripens earlier than most of the early varieties. 

New York Agricultural Experiment Station : Thirty-three single eye cuttings of 
the Polaris yielded 17 merchantable tubers weighing 51 pounds 3 ounces, and 70 
unmerchantable tubers weighing 51 pounds 9 ounces. 

A correspondent in the District of Columbia thus writes : “ I planted the Polaris 
Potato in alternate rows with the Early Rose and Beauty of Hebron, treating them 
all alike as to day of planting, fertilizing, and cultivation. The Polaris came up 
first, blossomed first, and were ready for the table six days before the Early Rose and 
eight days before the Beauty of Hebron. We considered the i Polaris the best eat- 
ing potato of the three, white, mealy, and free from core ; in fact, the best early 
variety I have ever raised, and I have tried all the new ones that have been put 
upon the market during the past dozen years.” 

Sorghum. 

Sorghum is well adapted to the soil and climate of Texas, both as a forage plant 
and as a sugar-cane, and if the planter had suitable machinery for sugar making it 
would no doubt become exceedingly valuable. 

Texas Horticultural Society: One acre “Orange ’’Cane made 96 gallons fine 
sirup. 

Texas Bee-keepers'^ Association : Sorghum is a desirable forage plant, producing 
two crops of 3 or 4 tons per acre. 

Texas Agricultural Society : The Early Orange Cane has proved entirely satisfac- 
tory, and Vvdll probably take the lead in the southeastern part of Texas. 

Sunflower {Giant Russian), 

From queries submitted by the United States Department of Agriculture with re- 
gard to the qualities of the Giant Russian Sunflower, we summarize the following : 
It will yield when planted on bottom-lands along the Potomac 60 bushels per acre. 
In feeding value it was found superior to corn for the following reasons : It contains 
more carbon as a heed-giver when fed to hogs ; it produces a peculiar laxative 
effect on horses and cows, giving them a fine, glossy coat similar to that of the 
Arab horse. To horses and cows it was fed at the rate of 1 pint per day. When 
ground and mixed in the proportion of one-third sunflower to two-thirds corn or 
wheat middlings it is superior to any fnttening or condition corn or condiment. As 
fuel it is of little value, but as fiber it is valuable and we have a sample of paper of 
unusual strength made from its fi ber by the natives of Tashkand. No oil has been ex- 
presse for want of machinery, but by chemical analysis it was found to contain 11 
per cent, of the total weight of the grain. The oil is palatable as a condiment and far 
superior to Olive oil for domestic purposes. While it may have a value in a sanitary 
point, it is most likely an indirect one, not by absorbing air [miasm] but by absorb- 
ing an immense quantity of water and throwing off an excess of ozone, rendering 
by this means an excess of miasm innoxious. 


Vegetable Seeds. 

Rlinois Crop Reporter: Burbridge’s Eclipse Peas, Red W^etherfield Onion, and 
Eclipse Beet do remarkably well. 

Kansas Farmers’ Institute: Golden Refugee Bean, Sutton’s Gem Lettuce, Laxton’s 
Earliest of All Peas, Golden Sugar Corn seem to be well adapted to central Kansas. 
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31issouri Experiment Farmer: The Cranberry, Early Refugee, and Early Six 
Weeks Beans are a success and are \"ery productive. Montreal Market Musk-melon 
is A No. 1. The Paragon and Livingston Beauty Tomato are tip-top growers and 
bearers. 

New Hampshire Agricultural College: The Beet, Carrot, Cabbage, Cauliflower, 
Kale, Onion, Spinach are all grown successfully in central New Hampshire. 

South Carolina Agricultural Society: The All Seasons Cabbage and All the Year 
Round Lettuce proved very fine. 

South Carolina Statistical Repcn'ter: The Peerless, Kolb s Gem, and Iron-Clad 
Water-melons are very large. Norfolk, White Globe, French Globe Turnips are all 
desirable. The Golden Rose is a delicious turnip. 

Tennessee Agricultural Society: The Earlj^ Six Weeks and Golden Rose Turnips 
are both of superior quality. 

Texas Agricultural College: The Louisiana Okra is the best overgrown in central 
Texas. The Danver Carrot, EarJy Mayflower Tomato, and Acme are very superior. 
Long Green CucuTnber and Boston pickles promise well. 

Texas State Horticultural Association: The Milan Strap Leaf and Purple Top 
Strap Leaf Turnips yielded abundant returns of magnificant turnips; Prolific Pea 
was a grand success. 

Texas Agricultural Society: The Beaumont’s Wonder Water-melons were very 
fine, some weighing over 50 pounds, 

Virginia Agricultme Society: Kolb’s Gem Water-melon was a success. “All seeds 
from the United States Department were carefully tested, and in no one instance 
have they failed to germinate.” 


CONDENSED REPORTS PROM CORRESPONDENTS. 

ALABAMA. 

Corn.— Mosby and White Giant Normandy have been cultivated with great suc- 
cess in the southern part of the State, and are excellent varieties for general culti- 
vation for both field and table. 

Oats.— Burpees’ Welcome, planted in the northwestern portion of the State, had 
fine, large heads, although the season was very unfavorable. 

Wheat.— Fulcaster, Early Oakley, and McGehee succeeded well in all parts 
of the State. The Fulcaster proved the best. 

Cotton.— Shine’s Prolific proved very vigorous, withstands drought well, and 
holds its fruit better than other varieties. The Peerless, planted in the southern 
part of the State, germinated 95 per cent, of its seed, is very productive, but has a' 
tendency to dry up. 

Teosmte.— Grows luxuriantly and can be cut two or three times during the sum- 
mer. Stock are very fond of it. 

Kaffir Corn.— Is vigorous, and resists the ordinary vicissitudes of weather. 

Tobacco.— General Grant is a fine variety that ripens early and yields well. 
Havana yields largely, is easily cured, and has a fine flavor. 

Vegetables.— Oi the many varieties sent out by the Department, the Excelsior 
Evergreen Com, Trophy Toniato, Laxton’s Marvel Pea, and Extra Early Bassano 
Beet are special favorites, while all seem adapted for general cultivation throughout 
the State. 

ARKANSAS. 

Corn. — White Giant Normandy in the northwest, and the Mosby In the central 
part of the State, did finely, and both seem well suited to the soil and climate. 

Cotton. — Jones’ Improved, planted in the northeastern portion of the State, will 
make one-third more per acre than any other cotton raised in Arkansas. Shine’s 
Early Prolific is also raised in the southeast with satisfaction and profit. 

C/ouer.— Alfalfa is very productive. Two packages received from the Depart- 
ment in 1885, after two years’ growth, now' covers half an acre. 

Teosinte. — Has made a fine growth in this State, and it is thought will excel Millet 
or Hungarian. 

Kaffir Corn. — Does well in the southwestern part of the State; grows about G feet 
In height, is very heavy headed, and produces trcmendons amount of foliage. “It 
is impossible to say too much in its favor as a grain and forare plant.” 
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Tobacco. — Orinoco, HaTana, and White Burley are all grown In the northwest 
part of the State, but Orinoco is best adapted to the locality. 

Vegetables . — Mohawk and Early Red Valentine Beans, Pine-apple and Bassano 
Beet, Peerless Cucumber, Commodore Nutt Lettuce, and Livingston Tomato are 
among the many varieties of vegetables that do well in this State. 


CALIFORNIA. 

From 1 quart of seed of the Hargett’s White (seizure) sent from the De- 
partment 64| pounds of grain was produced, 

(Jlovcr . — Alfalfa and Alsike both grow luxuriantly in central California with 
morierate irrigation. 

Tobacco . — The Havana raised from the seed sent from the Department to south- 
western California was awarded the first premium at the San Diego Counfy Fair 
ami pronounced by competent judges the best they had ever grown in this locality. 

Vegetables , — The seeds of all the varieties sent from the Department were a suc- 
cess. Vegetables grow finely throughout the State when irrigation is practical, and 
with wonderful results. 


COLORADO. 

Corn . — Pride of the North is very valuable for the southwestern part of the State; 
matured earlier than eight other varieties planted at the same time. The yield was 
very large for this latitude. The Yellow Mammoth King also produced a fine crop. 

Oats. — Burpee’s Welcome yielded well and is adapted to the Southwest. 

Wheat . — The German Emperor grows well in the central part of the State. The 
straw is stiff, had some rust, and from seed received harvested 4 bushels, 60 pounds 
to the bushel. The grain was large and fine. 

Vegetables . — Thrive here, especially melons and other vines. 


DAKOTA. 

Corn , — Pride of the North has proved of permanent value fn southeastern Da- 
kota. 

Oats. — Burpee’s Welcome, sown in central Dakota, yields well and is of superior 
quality, producing magnificent heads. The Hargett’s White in the same locality 
were ten days earlier than the Victoria, but not as good quality and a much lighter 
yield. The Board of Trade and Australian varieties have proved to be of perma- 
nent value in the southeastern part of the State. 

Wheat . — Egyptian Fife is taking the lead in the southern part of the State, 

Clover . — Alfalfa has been very successful in the northwest and is likely to become 
the future forage plant of Dakota. The Alsike did remarkably well in the western 
central portion of the State. The Mammoth Red Clover made a fair growth and 
seeded well, but does not appear to be adapted to Dakota’s needs. Perennial grasses 
are what is required for pasture. 

Tobacco. — Szegedina, planted in the southeastern part of the State, ripens early 
and the quality is good, but on account of winds must be planted in well-protected 
places. 

Sunflower . — The Russian is cultivated throughout the State, and yields at the rate 
of 75 bushels to the acre. It ranks with corn as feed for chickens, but has to be fed 
with other grain. It is valuable as kindling, and is worth $5 per acre as light wood. 

Vegetables . — There is no limit to the supply of vegetables in favorable seasons. 
While all grow well. Melons are exceedingly fine, some weighing from 30 to 35 
pounds. 


FLORIDA. 

Corn . — The White Giant Normandy is grown wfth success in the northwestern 
portion of the State. The Mosbyin the same locality has proved very prolific; it 
has a small cob, large ear and stalk. 

Oats. — Burpee’s Welcome is a very rapid grower. The heads are very full, having 
from 110 to 120 kernels on a stalk. This variety is free from rust and is undoubt- 
edly a good one for central Florida. 

Teosinte . — This plant is becoming very popular as a forage plant in all parts of 
the State. It yields an enormous amount of fodder of extra quality. It can be 
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cut three times in a season, and yields not less than 3 tons per acre each time. It 
is fully adapted to this soil and climate; but for the difficulty in obtaining seed its 
use would be universal. 

Kaffir Com, — Seems oblivious to heat and drought and is liked better than any' of 
the (grain and fodder) Sorghums. More can be grown per acre than from Indian 
Corn, and it will no doubt become an important crop in all parts of the State. 

Sunflower. — Cultivated in the central districts, it grows to a large size, some of 
the seed heads measuring 34 inches in circumference. The yield of seed was light 
and will not pay as well as a corn crop. 

Tobacco. — Of three varieties planted, Havana, Deli Sumatra, and Sagua la Grande, 
in tile northwest part of the State the Sumatra was somewhat the best, although 
all do well. ‘ 

Vegetables. — The Refugee Bean, the Pine Apple, and the Eclipse Beets, the Drum- 
head Cabbage, Georgia Collards, and First and Best Pea are popular sorts. All the 
varieties distributed by the Department succeed admirably when planted early 
enough. 


GEORGIA. 

Corn. — TheMosbyhas been a satisfactory variety, planted in all parts of the 
State. Further trial is necessary before it can be pronounced the best. It with- 
stands drought well and will yield 50 bushels to the acre. The Kaffir has given the 
same results in the same localities. 

Oats. — The Hargett’s White (seizure) was planted in the southern part of the State 
and from 1 quart, one-half bushel, 16^ pounds to the bushel, were harvested. 

Wheat. — The German Emperor, sown in the central and northern portions of 
Georgia, is reported as producing four times as much as other varieties sown. Ful- 
caster has given satisfaction. The grains were large, plump, and of fine quality. 

Clover, — Alsike in the southwest and Alfalfa in the northern portions of the State 
did well this year. 

Cotton. — The S. B. Maxey grown in the southwestern part of the State is a good 
variety, is very prolific, and has fine lint. Every 100 pounds of seed makes 36 to 38 
pounds of lint. Shine’s Early Prolific in the southeast is a wonderful bearer. Tay- 
lor, planted in the central, is also good and very prolific. 

Teosinte. — Has done well in this State. It yields tons per acre. All stock eat 
it greedily. It is reported as yielding more to the acre than Indian Corn. 

Kaffir Corn. — Has succeeded well in the central districts. It withstands dry 
weather, and will perfect its grain when maize will fail. It will make two crops in 
the season. It will undoubtedly be largely planted next year. “It will fully re- 
pay any farmer who plants it. ” 

Tobacco. — The Connecticut Seed Leaf and General Grant varieties both did well; 
the latter had some leaves 2 feet 10 inches in length and 18 inches in width. 

Vegetables. — The Mexican W^ater-melon vines grew luxuriantly, and the yield was 
good. The fruit was small, but unusually delicate. It promises great results 
under favorable circumstances. The Cranberry Pole and Extra Early Six Weeks 
Bean, the Pine Apple Beet, the Southern Drumhead and Late Flat Dutch Cabbage, 
Early Minnesota Sweet Corn, and the White Spine Cucumber were grown success- 
fully. ’ 


ILLINOIS. 

Corn. — The Pride of the North raised in the central part of the State yielded 
well. The Corn was sound and the ears were well filled. 

Oats. — The Burpee’s Welcome were extra fine, raised in the west central part of 
Illinois. 

Wheat. — The German Emperor, raised in the central portion of the State, was 
very satisfactory in yield and quality. One-fourth or an acre sown yielded 2i bush- 
els, weighing 59^ pounds to the bushel. The straw was stiff and not affected by 
the rust. 

Vegetables. — The Early Blood Turnip and Long Dark Blood Beets, the Etampes 
and Berkshire Beauty (5abbage, the Excelsior Evergreen Corn, the White Spine 
Cucumber, the Early Curled Simpson and Early Hanson Lettuce, the Montreal 
Market and the Nutmeg Melon, Kolb’s Gem and Beaumont’s Wonder Water-melon, 
the Giant Globe and Danvers Onion, the Golden Bush Squash, and the Snowball 
Turnip are all reported as having been \’^ery productive and of excellent quality, 
notwithstanding the severe drought. 
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INDIANA. 

Com . — The Pride of the North was planted May 6. It matured about August 8 
and took the first premium at the Marion County Agricultural Fair. 

Oats . — The yield of the Burpee’s Welcome has been immense. It matures early 
and has full heads, plump stalk, and took the first premium at the Marion County 
Agricultural Fair. 

Wheat . — The Fulcaster has good bright straw and is free from rust. The grain 
is large and fine. A good variety for central Indiana. Raub’s Black Pi’olific in 
the same locality made a splendid crop when other wheat did not pay for the cut- 
ting. Fulcaster also did well here. The Red Mediterranean produced well in the 
southern portion of the State. 

Clover . — Alsike has proved a very valuable honey plant in the central part of the 
State. It does well ^vhen planted in drills and cultivated until it gets a start. 

Grass . — The Orchard Grass has yielded the largest returns of any grass seed- 
planted for years. 

Potatoes . — Notwithstanding an exceedingly dry season the Polaris variety yielded 
well in the central portion of the State. It is deemed worthy of further trial. 

Sorghum . — Has been cultivated in the northern section with success. Early 
Amber Cane made a good yield of very superior sirup. 

Vegetables . — The Long Dark .Blood and Improved Half Round Beets, the Surehead 
and Winningstadt Cabbage, the Excelsior Evergreen and Early Minnesota Corn, 
the Long Green Turkey Cucumber, tiie Early Hanson and Boston Curled Lettuce, 
the Cuban Queen Water-melon, the Red We therfield Onion,' the Boston Marrotr 
and Crook Neck Squash, the Purple Top Strap Leaf Turnip are worthy of general 
cultivation. 


IOWA. 

Corn . — The Mammoth King and Yellow Dent Corn have been raised %vith favor- 
able results. 

Oats . — In the northeastern part of the State the Burpee’s Welcome have been 
cultivated successfully. 

Wheat . — Grows well in the northeastern part of the State. Michigan Amber, 
Fultz, and Red Missouri yield from 12 to 15 bushels per acre. 

Pyrethrum roseum . — This plant dees well in the central district of Iowa. It re- 
sists the drought and is a valuable plant. 

Vegetables . — The White Imperial Sugar Beet made an enormous yield. The Ex- 
tra Early Bassano is a fine sort. Surehead Cabbage planted in the central part of the' 
State grew very large. Some heads weighed 24 pounds and were of fine flavor. 
Excelsior Evergreen and other Sugar corns have given fine results. White Spine 
Cucumber is the standard for this climate. Musk- melons do well, and Kolb’s Gem 
Water-melon are of delicious flavor and gave average weight of 28^ pounds. 


ICANSAS. 

Oats . — The Early Welcome succeeded well in the southwestern part of the State. 

Wheat . — The Fulcaster, sown in the northwest portion of Kansas, produced 50 
pounds from 1 quart of seed; although much affected by drought and Chinch- 
bugs. The straw was very stiff, did not rust, and the grain was good. The Ger- 
man Emperor tillered well, producing as high as 30 heads from one grain. 

KENTUCKY. 

Wheat . — The McGehee’s White produced well in the northwestern part of the 
State. From 14 pounds seed sown 88 pounds of nice wheat was thrashed, and some 
was lost by the handling. The Fulcaster and Diehl Mediterranean straw was of 
medium size nnd free from rust. Althougli a good yield was secured the Fultz 
is preferred in the central portion of the State. The German Emperor also ripened 
well and was not affected by the rust. 

Vegetables . — The Beans grew luxuriantly and are of long continuance. The Peer- 
less Cucumber was crisp and tender. The Victoria Lettuce was very superior. 
The Pride of Georgia Melon small, but very sweet, and ripens out close to the rind. 
The Netted Gem Musk-melon was small, but sweet and delicious. 
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LOUISIANA. 

Corn . — The Mosby, grown in central Louisiana, is very prolific and very heavy; 
a flour barrel, in shucks, often shells out 72 pounds. It has proved ail that has been 
claimed for it. 

Ramie . — There is little doubt this will prove a success in the Mississippi lands. ^ 
It has grown to the height of 8 feet. With proper machinery it is believed it xjould 
be made a more profitable crop than cotton. 

Cotton . — The Jower’s Prolific bids fair to take the lead of all cotton raised in 
central Louisiana. The Taylor and the S. B, Maxey are both good varieties. 

Teosinte . — Is among the best green feeds yet introduced into the South. It is 
excellent for stock, and can be cut several times during the season. Although it 
produces luxuriant foliage, a fatal objection is the difficulty in obtaining seed. It 
is thought that it will seed in the central and southern parts of the State if planted 
by March 1. ' 

Kaffir Corn . — Is cheaply raised. Is excellent for stock or poultry. It will yield 
more than any other plant in grain and fodder. 

Vegetables . — “ The seeds received from the Department proved to be the earliest 
and best adapted to this section, and much earlier than vegetables raised from seed 
grown here.’’ “ They are an acquisition that is appreciated.” “The Beans, Beets, 
Cabbages, Peas, Tomatoes, Turnips, and Water -melons gave entire satisfiiction/ They 
were early and bore abundantly.” 

MAINE. 


Oatfi . — In central Maine, among the sniall grains, oats produce the ^rgest average . 
yield. The Burpee's Welcome produced 84 |:>ounds of good grnin from 1 pound of 
seed sown. 

Vegetables . — Planted by the middle of May are generally successful. The Refugee 
and Extra Early Mohawk Beans are hardy and productive. The Early Eclipse Beet 
can not have too much said in its favor. The Early Genesee Corn is the best ever 
- raised in southern Maine. The Extra Early Paris Cabbage produced 50 heads of 
the best quality. The Alaska and Edinburgh Beauty Peas, Long Bugar Parsnip, 
Snowball, and Purple Top Turnip all do well in southern and central Maine. 

MARYLAND. 

Oafs . — The Hargett’s White (seizure) is raised very successfully. It yields well, 
is of excellent quality, and is no doubt well adapted for general cultivation. 

Whea.t . — Fulcaster and Raub’s Black Prolific were both raised. The Fulcaster 
yielded good grain, but it was not sown on soil well adapted to it. Raub’s Black - 
Prolific had strong, heavy straw, free from rust, and was well filled with grain of 
fine quality. 

Vegetables . — The Early Rachel and Refugee Beans are valuable varieties. The 
beets have exceeded the most sang;uine expectations. The Long Green Cucumber 
is a fine variety. The onions grow very large, many of them weighing 1 pound. 
The First and Best and Edinburgh Beauty Peas were of extra quality. 


MICHIGAN. 


Barley . — The Melon Barley Imported from Russia and distributed by this De- 
partment in the spring of 1886, has proved to be one of the best varieties ever in- 
troduced into i^he barley-growing districts of the State. 

Oats. — Burpee’s Welcome is an excellent variety for central Michigan. One 
quart of seed produced 70 pounds of the very best grain. The heads were fully one 
foot in length and the straw tall and strong. 

Wheat . — In Southern Michigan the German Emperor has been raised with great 
success, and the quality of the grain is A No. 1. FulcavSter yields large plump grain, 
and is an early, hardy winter wheat. The German Emperor resembles in some re- 
spects the Diehl Mediterranean. It stood. when other wheat was all down, and was 
entirely freeTrom rust. 

Potato . — The Polaris planted in central and southern Michigan yielded well, and 
the tubers were smooth and of good shape, fair size, and ripened earlier than most 
other varieties. 
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Tobacco . — General Grant was two or three weeks earlier than other varieties and 
of good quality. 

Vegetables . — The Edinburgh Beauty Pea is especially fine and true to name. The 
Dutch Case Knife Beans can not be excelled. The Golden Sugar Corn was very fine. 
The Long Green Cucumber is a desirable variety. The Excelsior Drumhead Cab- 
bage, Carrot, Melons, Radish, Turnij), Squash, all produced well and were of 
good quality. 


MINNESOTA. 

Wheat , — The German Emperor raised in the southern part of the State tillered 
abundantly. Came through the winter in very good condition. The heads were 
very large, ripened evenly and yielded good No. 1 wheat. 

Vegetables . — The Refugee Beans, the Early Blood Tnrjii]> Beet, the Excelsior Ever- 
green Corn, the Wlnningstadt Cabbage, the Water-melon, Onion, and Peas are desira- 
ble varieties throughout the State. 


MISSISSIPPI. 


Corn . — The White Giant Normandy in the central part of the State produced a 
good crop notwithstanding the very unfavorable weather. The Mosby made a won- 
derful yield for central Mississippi. On good land it is a success. 

Red Mediterranean sown in northern Mississippi had no signs of rugt, 
which is a great object in this climate. From 1 pound of Fulcaster seed 34 pounds 
were harvested of clean nice wheat. It seems to be rust-proof and a good variety 
for this climate. 

Cotton . — The S.B.Maxey’s, the Jones’ Improved, and Cherry’s Long Staple are 
raised in all parts of the State with success. The Maxey produced at the rate of 
1,800 pounds per acre and withstands drought better than most other cotton. The 
seeds are small, the bolls large, and the lint fine. The Jones’ Improved yielded at 
the rate of 1,200 pounds per acre. 

Teosinte . — Seems to be well adapted to this climate. This State needs some good 
forage plants, and if this fulfills its present promise it will be a boon. It is worthy 
of a further trial. 

Kaffir Corn . — Will produce one-fourth more feed to the acre than ordinary corn. 
Stock relish it, and it withstands drought exceedingly well. 

Sorghum . — The Amber Cane is well adapted to the central part of the State, and 
yields from 80 to 100 gallons of fine sirup to the acre. It is the earliest cane raised. 

Vegetables . — The Department seeds were a grand success. The Edinburgh Beauty 
pea is a very desirable variety. The Beans, Radish, Lettuce, Tomato, and other 
varieties were very satisfactory. There is a growing demand for Department seeds 
throughout the State. 


MISSOURI. 

Com . — The White Giant Normandy is the favorite stock corn in this State. It is 
very early, and for this reason very valuable in dry seasons. It yields from 40 to 
60 bushels per acre. The Pride of the North is also a desirable variety. 

Oats . — The Burpee’s Welcome did well in the central part of the State. The grain 
was plump and full and the straw heavy. The Hargett’s White (seizure) lias proved 
a success, and is admirably adapted to central Missouri. 

Wheat . — The Fulcaster has been raised in central Missouri with success. In 
southern Missouri the German Emperor has given satisfaction. The straw was 
strong and stiff, did not rust, and the quality of grain was good. In Livingston 
County the Diehl Mediterranean and the Martin’s Amber are considered valuable 
varieties. 

Clover . — The Alsike in the central part of the State has given good results. The 
Alfalfa wintered well, gave one good crop, but when the second began to grow it 
was shortened by the drought. It has been comparatively unknown in this section, 
but will undoubtedly prove a valuable acquisition. 

Teosinte . — Has been tried in Missouri. It needs further experiment to decide its 
value. From present indications it is likely to prove of much value for forage pur- 
poses, notwithstanding it fails to produce seed north of the 31st degree of latitude. 
A single seed produced 50 stalks of excellent forage. 

Kaffir Corn . — Has succeeded in the western part of the State. It withstands 
drought better than any other fodder plant known in the North. 
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Potato . — The Polaris yielded well in the central portion of the State. It is of fine 
quality, and was not affected with rot. 

Sorghum . — The Early Amber Cane has produced well, yielding in a good season 
fully 140 gallons of excellent sirup to the acre. 

Sunfloiver . — The yield of the Russian variety was very large. It is used almost 
exclusively as feed for poultry. 

Tobacco . — The Connecticut Seed Leaf made a fine growth in Vernon County. It 
is of fine texture, fine flavor, easy to cure, and yellows early. The Orinoco, a well- 
known variety of yellow tobacco, also produced a fine crop, 

NEBRASKA. 

Corn . — The Pride of the North ripened in less than 90 days after planting, not- 
withstanding several weeks of severe drought. The yield was about 40 bushels to 
the acre. It is the corn needed in Nebraska. 

Oats . — The reports indicate that the Burpee’s Welcome is an excellent variety 
throughout the State. 


NEW YORK. 

m 

Corn . — The Pride of the North in the southwestern part of the State is spoken of 
in the highest terms both as to quality of grain and as the earliest to ripen of any 
of the Dent varieties. The Mosby, adthough a Southern variety, has done well this 
year in central New York. It will be raised more extensively next year. 

Clover . — The Alsike is grown successfully in central New York and seems to be 
especially adapted to heavy soils. 

Teosinte . — Has done very well in Schenectady County. 

Kaffir Corn . — Has made a very satisfactory crop. It will doubtless be a success in 
the same locality. 

Potato . — The Polaris has been raised with very satisfactory results, and gives 
promise of becoming a popular variety. 


NORTH CAROLINA. 

Corn . — The Mosby is a beautiful variety. It yields well and is well adapted for 
genial cultivation. A correspondent writes from central North Carolina: 1 have 

tried four varieties and find the Mosby the best of all.” 

Wheat . — The Fulcaster is an excellent variety for the central portion of the State. 
It is free from rust and the quality of the grain is good. Raub’s Black Prolific was 
planned in the central part of the State. The straw was stiff; it had some rust, but 
it did not seem to injure it, for the grain was large and plump. The Genoese and 
Martin’s Amber both were satisfactory in quality and in yield. 

Cotton . — The Jones’ Improved Prolific has been found to be something extra in 
central North Carolina, yielding one-fourth more per acre than the other varieties. , 
It is a choitie variety for sandy lands, withstands drought better, and holds its form 
where other kinds fail. Cherry’s Long Staple has linted and fruited well. Shine’s 
Early Prolific and the S. B. Maxey have given satisfaction. 

Teosinte . — Does well and yields abundantly, and will become a valuable forage 
plant if it will mature seed. 

Clover . — The White Clover is excellent for pasturage purposes and is well adapted 
for general cultivation in this State. 


OHIO. 

Corn . — The Pride of the North is a very early corn, and promises to be extensively 
planted in the central and northern part of the State. The Yellow Mammoth King 
is a vigorous grower and resists drouglit well. 

Oats. — Burpee’s Welcome is a valuable acquisition. 

Wheat . — The German Emperor is a very popular variety, and is well adapted to 
central Ohio. The yield was unprecedentedly large under very unfavorable circum- 
stances. The McGehee took the first premium at the Clark County fair, and at- 
tracted .considerable attention. Its weight was tested, and was found to be when 
ready for seed 63 pounds. Mr. Barnett, of Barnett’s Mills, found it the best milling 
wheat he had seen. What is more remarkable, ‘ ‘ it increases in weight every year.” 
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The Martin’s Amber and Extra Early Oakley were also superior varieties for the 
same locality. 

Sorghum . — Has been cultivated with marked success, both Amber and Orange 
Cane yielding well, producing an excell^t quality of sirup. 

OREGON. 

Tobacco . — The Connecticut Seed Leaf, the Orinoco, and the White Burley are 
spoken of in the highest terms for general cultivation in central Oregon. 


PENNSYLVANIA. 

Oats. — The Hargett’s White is of vigorous growth, the straw is stiff, the quality 
of grain good, and is the variety for central Pennsylvania. 

Clover. — The Alsike wintered well. It grew thickly and yielded a fair second 
crop. 

Pyrethrum Poseum. — Succeeds well in the central portion of the State.. Grows 
slowly at first, but when once started it is very satisfactory. 

Vegetables. — The Red Cranberry Pole and the Early Mohawk Beans were excel- 
lent. The Excelsior Sugar and Dark Blood Beet, the Excelsior Flat Dutch Cabbage, 
the Pride of Florida and the Cuban Queen Watermelon, the Emerald Gem and Gray 
Seeded Sugar Peas were very thrifty growers, and yielded abundantly. 

SOUTH CAROLINA. 

Rye. — The Multiplying Rye yielded a good crop, notwithstanding a very severe 
winter. 

^Vheat . — The Martin’s Amber yielded a good quantity of very nice wheat. 

Cotton. — The Jones’s Improved has done much better than theMaxey in the cen- 
tral part of the State. 

Teosinte. — Has proved to be a good forage plant and is likely to be of much 
value. 

Kaffir Was experimented with only to a limited extent, but was very sat- 

isfactory. The experiment was not perhaps sufficiently thorough to give an accu- 
rate test as to quantity. 

Vegetables. — Vegetable seed received from the Department has given universal 
satisfaction in yield, in earliness, and in quality. Most of the varieties are w ell suited 
to all parts of the State. 

TENNESSEE. 

Corn. — The Mosby is well adapted for general cultivation throughout the State. 

Oats. — The Hargett’s White has proved to be a very satisfactory variety. 

Vheat. — The Fulcaster yielded a good quantity of large clean grain of good qual- 
ity. The McGehee gave the best results of any variety planted in central Tennessee. 

Coiton. — Shine’s Early Prolific withstands drought better than any cotton raised 
in the central part of the State. One quart of seed yielded 53 pounds of seed, 27 
pounds of lint, and has a fine staple. 

Sunflower. — The Russian was planted the 10th of May, in Houston County, north- 
ern Tennessee, on upland soil, a light clay. It yielded at the rate of nearly 100 
bushels to the acre. 

Vegetables. — In centrkl Tennessee the Mohawk Bean proved to be very early, 
large, and tender. The Pine- Apple Beet, the Berkshire Beauty Cabbage, the Alaska 
and the Edinburgh Beauty Peas, in fact all vegetables produced from seeds pro- 
cured from the Department are 50 per cent, better than those grown from seed 
raised here. 

TEXAS. 

Corn. — The White Giant Normandy was planted two weeks later than other va- 
rieties, but it came up and outgrew them by two weeks. It yielded one-half more 
thaii any other variety, in some cases yielding at the rate of 45 bushels to the acre, 
while other corn with same care made nothing. The Mammoth King yielded 20 
bushels to the acre, while an old variety, planted two weeks earlier, yielded' from 10 
to 15 bushels. The Mosby is very prolific. It would no doubt yield on bottom 
lands 50 bushels to the acre. It is an excellent variety. 
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^ Wheat. — The Fulcaster is somewhat later than other varieties in ripening, bu< 
the grain is well developed, idump, and superior in quality to other wheat. The 
, straw was strong and stiff. It is undoubtedly a valuable variety for central Texas. 
The Genoese was also quite satisfactory. 

Cotton. — Shine’s Early Prolific seems w^ell adapted to central Texas, but owing to 
excessive drought this year has hardly had a fair test. It yielded 400 pounds seed 
cotton per acre, 14 pounds of fine lint, the staple being of medium length. Cherry's 
Long Staple also did well, notwithstanding the drought. 

Clover. — The Alfalfa is one of the most productive of the clovers grown In central > 
Texas. 

Teosinte. — Is pronounced a very valuable forage plant in the central part of the 
State. Fifteen to twenty-five stalks grew from one kernel of seed to a height of 10 
to 12 feet. Stock are very fond of it, but it has as yet produced no seed. 

Kaffir Corn. — Has been eminently successful; resists drought better than corn or 
sorghum. It is ail that is claimed for it. Cattle like the thick stalks, chickens the 
seed. It wnll prove a bonanza for Texas. 

Grasses. — The Perennial Rye and Texas Blue Grass excel all others for pasturage 
purposes. The Abyssinica eragrostis grows well in the central part of the State. 

Sorghu7ri.—The Early Orange Cane will take the lead in the southeastern part of 
Texas for earliness, quantity, and quality. The Amber has also been jdanted with 
good results. 

Simfloiver. — The Russian variety, owing to the drought, yielded but 20 bushels to 
the acre. Its feeding value as compared with corn was about 80 per cent. 

Tobacco. — The General Grant and the One Sucker varieties both grow well iu 
northeast Texas. 


VIRGINIA. 

Corn. — The Pride of the North grows well in central Virginia. The cob is well 
covered; it is early, and there is less short corn and faulty grain than in most of the 
common varieties. The Mosby proved valuable in the same locality. It is a very 
fine field corn. 

Oats. — Hargett’s White is a success in the central portions of the State, although 
the crop for this year was not a fair test. 

VUieat. — The German Emperor gave a good yield of beautiful wheat. The straw 
is stiff, does not rust, and will prove a success in central Virginia. The Diehl Medi- 
terranean was not affected by rust; quality of grain was good. Raub’s Black Pro- 
lific, subject to rust, but the grain was first class. 

Cotton. — Only a small quantity of Shine’s Prolific was planted for a test, It did 
very well and will no doubt succeed in the southeast portion of the State, 

Clover. — The Alsike was very productive, Wherever a seed struck the ground it 
seemed to grow and flourish. 

Teosinte. — Grew in some cases 10 feet in height and produced 28 stalks from one 
seed. A correspondent writes: “ If used for ensilage it would be far cheaper than 
maize, as 1 acre would produce four times as much.” 

Kaffir Corn. — Has succeeded well; fowls eat the seed. The seed if ground into 
flour has been found to be equal if not superior to buckwheat for family use. 

Tobacco. — T. Plunkett, Blacksburgh, Montgomery County, Va., writes: ‘‘We ex- 
perimented with Caboni tobacco and found it one of the earliest vaileties tried 
among many. It Avas of remarkably strong and vigorous growth; the stalks, were 
strong but small. The leaves were small ribl>ed, very elastic, of fine texture, ahd 
when properly cured in the sun of a light-brown color, and of the most delicious 
flavor. From our experience we are satisfied that one-third more of this tobacco 
can be grown on the same ground with the same treatment than any other variety. ” 


WEST VIRGINIA. 

Corn. — The White Giant Normandy was of good quality. The ears were well 
filled, and from 25 to 35 bushels to the acre were produced. 

Oats. — The Burpee’s Welcome did splendidly; the grain was first class, and ad- 
mired bv everv one.” 

Wheat,— German Emperor grows much like the Fultz. The straw of tiie 
Diehl Mediterranean was stiff and free from rust. It yielded a good quality of 
grain. ‘ 
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Barley . — The Melon has been raised with very good results. It will be carefully 
tested next year. 

Corn . — The Pride of tlie North, planted in the northern part of tlie State, pro- 
duced a splendid crop, yielding fully 60 bushels to the acre. The Mammotli King 
germinated every kerneb It grew well and continued to grow through drouglit 
and hot weather. An observati(in of fifty years, says this correspondent, has never 
more clear 1^^ shown the importance of selecting seeds of the best quality. 

Oats . — The AVhite Russian variety sent from the Department four years 'ago is 
now almost exclusively raised in central Wisconsin. It is yielding a better quality 
than any other kind yet tried. 

In conclusion, I herewith append the following tabulated state- 
ment, showing the quantity and kind of seed issued from the seed 
Division of the Agricultural Department, under the general appropri- 
ation act of Congress, from July 1, 1886, to June 30, 1887; 


Quantity and kind of seeds issued from the Seed Division of the Agricultural De- 
partment, under the general appropHation act of Congress, from July, 1886, to 
June 30, i887. 


Description of 
seeds. 


Varie 

ties. 


Vegetable 

Flowers ......... 

Herbs ......... 

Tobacco ....... 

Tree 

Sunflower 

Pyrethrum ...... 

FIELD SEEDS. 

Wheat 

Oats 

Corn 

Sorghum 

Kaffir corp 

Broom corn 

Turnip 

Sugar-beet 

Mangel-wurzel . . 

Grass 

Clover 

Millet 

Teosiute 

Forage jilants, 
imported 


TEXTILE. 


Cotton 
Jute . . 
Bamie 


Grand total. 


197 

140 

1 

14 

8 

■* 

1 

1 


5 

1 

3 

1 

1 

1 

12 

0 

3 

7 

1 
1 
1 


! 

Senators, ' 
Congress. I 


T 


Packages. 
2, 955,933 
.262, 094 


84, 126 
414 


6,667 
320 
3, 013 
822 


238, 004 
8, 601 


10, 043 
1,903 
208 


1 , 49 '; 


3, 573, 045 


Packages. 
161, 560 
45, 82:3 


2, 536 


5,000 


(64 


Po^ckaqes. 

38,910 

2,518 


321 


81,314 

1,012 

1,376 

324 

149 


416 


500 


301,323 


1,968 


25, 436 
217 
372 
37 
21 


40 


69, 525 


Miscella- 
neous ap- 
plieant.s. 


Experi- 
ment sta- ! 

tions 
and agri 
cultural 
colleges. 




Agricult- 

ural 

societies. 


I I 

Packages, i Packages. \ Packages 
436,‘;04 ' 

83, 594 
21 
9, 858 
8, 5.23 
2, 618 
187 


1,494 
294 
1,991 
1,087 
437 
159 
8, 513 
1,435 
1,05)6 
4, 987 
1,621 
241 
3, 013 

308 



1,313 

47 

51 


569, 552 


2, 014 
27'2 


510 

32 

361 


17,903 


20, 526 
183 
134 
428 
224 


48 


29, 793 


Grand 

total 


Packages. 
3, 60!i, 748 
394, 137 
21 

100,191 
9, 187 
2, 932 
265 


14, 101 
. 807 

6,295 
1,966 
930 
181 
375,473 
11,727 
2, 938 
17, 833 
4,190 
449 
3,845 

756 


3,671 

47 

51 

4,561,741 


Hon. hToRMAN J. Colmar, 

Commissioner, 


Wm. M. King, 
Chief of Seed Division. 
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REPORT OF SUPERINTENDENT OF GARDENS AND 

GROUNDS. 


Sir : Tliaf portion of the official correspondence of the Department 
which relates to subject-matters connected with the operations and 
specialties of this division, and is referred to the SiiperintendeRt for 
consideration and for reply, embraces a variety of subjects upon 
which advice is repeatedly asked by different individuals; and as the 
replies made, so far as the Department is concerned, reaches only to 
the individual addressed, and as this correspondence is largely of gen- 
ei*al application and directly practical in its nature, I have selected 
the following from, the many similar communications, with a view 
to lessen repetitions of these particular inquiries: 

VANILLA. 

S. M. R., Polk County, Fla. 

I understand that the Vanilla Bean grows well in all parts of Mexico, and in cool 
places. I am sure that it would do well in this county, and would be obliged to 
you for some plants for trial. Also would be glad to know something about its 
cultivation and preparing the crop for market. 

Answer , — The Vanilla Bean {Vanilla planifolia) is a native of tropical countries. 
It is produced in the warmer parts of Mexico, and not by any means in cool places; 
in fact, its area of profitable culture is said to be limited to certain favorable local- 
ities near the Gulf coast. It is very doubtful, indeed, whether the plant can b€> grown 
profitably in any part of Florida. 

The Vanilla is a climbing orchid, or air plant, having a fleshy stem and succulent 
leaves. It is propagated by cuttings of the stems planted close to the trees upon 
which the plants climb. They usually receive but little of cultivation further than 
to keep down growths which might interfere with the gathering of the fruit, the 
plants receiving their nourishment mostly from the atmosphere. 

The peculiar odor of the bean is developed during the process of curing, and 
much of the commercial value of the article depends upon its preparation for the 
market. 

The fruit is gathered before it is quite ripe. If allowed to remain on the plant 
the pod splits and becomes black; when drying it exudes a dark-colored unctuous 
licuiid, and when quite dry becomes brittle and devoid of perfume. 

In Guiana the pods are cured by placing them in ashes until they begin to shrivel, 
when they are wiped, rubbed over with olive oil, then hung in the open air to dry. 

.In Peru the pods ai’e dipped into boiling water, then hung out in the open an for 
a month, afterwards smeared with castor oil, and tied in bundles for sale. 

In Mexico the curing process is more elaborate and varied. The pods are placed 
in a heap under protection from the weather until they begin to shrivel, when they 
e re submitted to a sweating process. This is accomplished by wrapping the pods 
hi blankets inclosed in tight boxes; afterwards they are again exposed to the sun. 
Tiiey are now tied into bundles or small bales, which are first wrapped in woolen 
blankets, then in a coating of banana leaves, first sprinkled 'with water, then placed 
in an oven heated up to about 140'" F. Here they remain for from twenty-four to 
forty- eight hours, aceording to the size of the pods, the largest requiring the longer 
time. After this heating they are exposed to the sun daily for fifty or sixty days 
until they are thoroughly dried and ready for the market. 
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In the valley ot Mazation the Vanilla abounds in a wild state and Ihe article is 
of the finest grade. The curing is thus described; “To cure properly requires about 
ninety days, and the manipulation is ainiost inhiiite, each bean being handled critic- 
ally from three hundred to hve hundred times in the process by the Indians. The 
beans, as gathered, are disposed of 'in layers, iirst a layer of lieans and then a blanket, 
and so oil till a pile is formed. Tliis is called the sw^eating process, and during its 
continuance the piles are turned tw o trr three times a day until most of the water 
is sweated out. This procuss is followed by drying in the sun, and he^e the na- 
tives exercise the utmost t are and attention . When finished the beans are to be the 
color of a very dark cigar. ITie attendant j)icks up each bean occasionally for ex- 
exainination, and it lieobserves an part of the pod is coloring more rapidly' than 
another lie twists a l)jr of the leih: around Hie spot until the action of the sun shall 
have aifected all alike. 


MAHOGANY TREE. 

J. B., Eastern Shore, Maryland. 

I inclose a few seeds of the Mahogany^ tree which grows in this part of the State. 
Since I learned that this tree w as the mahogany^ I am saving the seeds and mean 
to plant all I can get, and w'ould ask you wdiere I can get a supplyg as I suppose 
that the tree is in other parts of tins country. 

Answe7\ — The seeds sent are those of the Kentucky coifee tree {Gymnodadus can- 
adensis), and has no botanical relation to the tree whicli yields the mahogany wood 
of commerce. 

It is called the coffee tree for the given reason that the early settlers in Kentucky, 
where the tree grow's in the forests, used the beans as a substitute for coffee. 

The timber of this tree is of a fine compact grain and is sometimes used in cabi- 
net work, hence it is in some places ciilled the mahogany' tree. 


(30CHINEAL. 


J. H., Guadalupe County, Tex. 

I take tlie liberty of writing to y^ou, as I wish to know if you could give me any 
information about Cochineal. We hav'e here plenty of Pidcldy-pear (cactus), and 
I believe it is the same kind used in Madeira for the growdh of the insect. I should 
be very thankful if you would let me know^ something about the matter. 

Ansicer. — The cochineal insect, Coccus cacti, feeds upon different kinds of Opuntia, 
or Prickly-pears. Opuntia Tuna and Opuntia, or Nopalea coccinetlifera, are the 
species principally used in Mexico, and these, wuth Opmntia Ficus Indica, are em- 
ployed for a like purpose in the Canary Islands, New Grenada, and Madeira. 

In arranging plantations or, as they^ are sometimes termed, nopaleries for raising 
the cochineal insect, the plants are set out in formal lines, several feet a part, so that 
they^ can be cultivated similarly to a carefully checkered corn-field, and when the 
plants are large enough the insects are distributed upon the plants. These soon 
give origin to countless numbers of minute insects, of which the females soon in- 
crease rapidly in size until they' almost lose the appearance of insects and look like 
small w'arts. At this stage of their grow'th they are gathered by detaching them 
from the plant by a fiat w'edge-like stick, and placed in a l ag, which is then dipped 
in boiling waiter to kill the id sects, afterwairds drying them in the sun. 

It has been i stimatod that 70,000 of these insects are required to make a pound of 
cochineal. 

It may be surniised that the profits of this industry will greatly depend upon the 
cost of the labor requirtHi for these manipulations. 


TREATMENT OF LAND. 

J. G. T., Delaware. 

Two years ago I took in hand a piece of ground completely exhausted through 
continued cropping without manure and so full of w'ire-w'orius that not even weeds 
can lie got to grow'. The ground is a lieavy loam, lying upon a stifl' clay; every 
show er of rain makes it a puddle, and forty-eight hours of sunshine makes it so liard 
that it is next to impossible to break it up; manure plowed in can be turned up months 
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afterwards in the condition in which it was put on. I have used lime at the rate 
of 25 bushels to the acre, but not with the result expected, and intend to apply the 
same quantity of common salt, in the hope that it will destroy the worms. 

Will you kindly say if I have adopted the proper method ? and any advice you may 
tender will be very kindly received and carefully followed. 

Answer , — There can be no permanent or satisfactory improvement made upon 
such land as described until it is thoroughly tile-drained. Thorough draining 
would involve parallel lines of tiles not more than 25 feet apart, and placed to a 
deptii averaging 30 inches. Then it should be deeply ^dowed in the fall; fall plow- 
ing is an important factor in tlie management of heavy land, as no mechanical ap- 
pliances can pulverize it so elfectually as the influence of frost. 

x\f ter plowing in the fall, sovv salt at the rate of 15 to 20 bushels per acre, and 
when it is dry enough to work in spring, spread lime over the surface at the rate 
of from 50 to 75 bushels per acre and harrow it in before putting in a crop. 

It should be well understood that land of this character should never be worked 
when wet. After heavy summer rains there is always a period between wetting and 
drying when it can be pulverized on the surface and thus effectually prevent its be- 


coming hard or compact. 

Draining will greatly modify the tendency to cake or become hard on the surface. 
It will also allow of a gradual deepening of ihe ploAved stratum, and is, in f act, the 
foundation of all improvement towards increasing the productiveness of lands rest- 
ing upon a clay subsoil. 


APPLE TREES. 

J. K. E., Fairfield County, S. C. 

-X- -X- -X- Aiao, I want what information you can give me about apple trees for 

this climate. I am told that Northern-grown trees, or trees from Northern nurs- 
eries, are not desirable, as the fruit will not keep for any length of time during the 
winter, or after it is taken from the tree. I am comparatively a new-comer here, 
but would like to set out some apple as well as other fruit trees, and would act ad- 
visedly in the matter. 

Answer . — So far as concerns the trees, provided they have been well grown, 
healthy, and wood properly matured, it probably makes but little difference V7het her 
they are from Northern or from Southern nurseries; but when it comes to the 
selection of varieties, especially winter-keeping kinds, it' is essential to recognize that 
most of the Northern winter varieties become summer and fall ripening kinds when 
grown in South Carolina. 

It therefore becomes necessnry to j)roc,ure the best kinds from Southern nurseries, 
where attention has been given to tlie propagation of fruit specially adaxjted to their 
sections, of which there are numerous varieties, which for size, beauty, and quality, . 
are equal to any produced in more northern regions. 

COFFEE. 


W. W., Erie County, N. Y. 

I am desirous of gaining information in regard to the cultivation and raising of 
coffee. _ 

I should like also to get cuttings or slips of the coffee tree for grafting purposes. 
I have a ranch in California upon which there is wild coffee growing which pro- 
duces a berry similar to Mocha, only smaller. If I could get cuttings or buds to 
graft I should like to make an effort to see what could be done in the matter. 

Ansicer . — The so-called Wild Coffee of California is the seed of a plant belonging 
to the Buckthorn family, called Wiamnus Californicus, and has no more relation to 
Arabian coffee than it has to a hazel bush or a maple tree. 

Of course it would be wliolly impracticable to graft or bud the coffee into a 
Rhamnus and expect the cion to grow. 

The Coffee plant, so far as experiments have been noted, has not been a success 
in California. 

The tropical summer period is too short and the winter temperature too low over 
by far the greater portion of the State. The Coffee plant suffers or is checked in 
growth when its surrounding temperature is* so low as 40° F. 
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LOTUS PLANT. 

H. S., New York City. 

Can I get from you a description and sketch of the Lotus plant of Egypt ? 

Answer . — The Egyptian lotus is given by some authorities as being the fruit of a 
water plant, Nymphoealotus. The fruit of Nelumbium speciosum, also a water plant, 
is also known as lotus. 

The fruit of Zizyphus lotus, a prickly branching tree allied to the Jujube tree, is 
supposed to be the true lotus of the Lotophagi. This fruit is described as small 
farinaceous berries, of a yellow color and delicious taste. This farinaceous sub- 
stance when dried is pounded into a kind of flour, which, being formed into cakes 
with water and dried in the sun, makes a kind of sweetish bread. 

LE CONTE PEAK. 

B. B., Lake County, Fla. 

I have about a dozen Le Conte , pear trees which have made fine growth , and are 
bushy trees some 12 to 15 feet in height, but they do not bear any fruit. For several 
years past a few sickly-looking flowers would appear, but no fruit. 

I write to ask you if you think that they need to be fertilized. Tlie soil grows 
orange trees well; of course they receive some fertilizer, but the j)ear trees were 
treated the same. 

If you could advise me what to do I would be much obliged. 

Answer . — The main reason w^hy the Le Conte pear fails to fruit with you is that 
the climate is too continuously warm and the trees have no decided or definite 
period of rest. This continued activity of growth prevents the formation of flower 
buds, and encourages growth of shoots. If the growth of the plant is arrested or 
checked in the early fall it would tend towards the formation of flower buds, and 
possibly secure a crop of fruit. This may be effected by x^runing the roots. Prac- 
tically this operation would consist in digging out a circular trench about 4 feet from 
the stem of the tree, cutting out all the roots encountered to a dex:>th of 30 inches, 
then undermine the ball so as to sever all deex^-runriing tap roots. Then thro^v the 
earth back into the ditch, firming it x^roperly as the filling x^roceeds. 

If this operation is rjerformed about the end of August it would check longitudinal 
growth or shoots, and tend towards the formation of fruit spurs on the older 
branches. 

This is not a new or untried process, but has long been practiced successfully in 
rendering barren trees fruitful, under conditions similar to those hero mentioned. 


LAWN MAKING. 

J. S., Baltimore County, Md. 

Now, I want to tell you about my lawn, or rather I should say my failure in 
trying to get one. Two years ago I had the ground plowed deex^; at least my in- 
structions were to plow it deep and good, but I now think that it was not very 
deeply xflowed. It was then made smooth and level; was fertilized with 800 x^ounds 
of sux)er phosphate (it is about half an acre), and lawn grass seed sown, and harrowed 
over. With tlie bushel of grass seed was mixed about two pecks of oats. It was 
sown about the end of March, and came ux^ beautiful and green in a few weeks, at 
least the oats did. When the oats were about to head I was advised to mow them 
so as to let the grass grow. This was done; weeds cameux3, but very little grass was 
seen, and, in short, although the weeds were mown down several times during sum- 
mer, the grass made no show, and when the most of the v^eeds were killed by the 
frost my poor lawn looked very sickly indeed, with here and there a tuft of grass 
and clover, but the greater portion looked as bare as the day the seeds were sown. 

I was advised to cover it all over with a coating of manure just before setting in 
of winter, which was done. When sxu’ing came round, the coarse 
manure were removed and the finer x^)ortions harrowed into tlie soil. It was again 
seeded as before, and the oats did well, but not the grass, and I have yet no lawn. 

Please tell me why I have failed and how I can get a good lawn. 

Answer . — The letter indicates very ’clearly the cause of failure. First, tlie soil 
was probably imperfectly prepared; second, the allowance of grass seed was too 
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fimall, and, third, the oat-seed allowance was so large tliat, even if the other two 
factors had been of the best, the oat crop would have rendered it a failure. 

To secure a good lawn the primary requisite is proper j)reparation of the soil. 
Where this can be done by the j)low a deep furrow should be thrown out with the 
turning plow and a subsoil plow run into the bottom of each furrow. This will 
turn and loosen to a depth of from 15 to 18 inches, according to the thoroughness 
of the work. If done by hand labor, it should be spaded as deej) as the spade can 
penetrate and the subsoil loosened with a pick, but in no case should the subsoil be 
brought to the surface if the sowing is to be immediate. 

The next operation is to level tlie surface so that it may be made smooth and 
regular. No pains or expense should be grudged to make the surface grade perfect 
at this stage of the work, as it will be difficult to make corrections after sowing. 

If good barn-yard manure can be provided a heavy dressing of it should be spread 
over the surface and plowed in. This soil preparation is best when done in the fall, 
and the surface left rough during the winter. 

Even with the above manuring the second plowing should not be omitted. As a 
substitute for the fall manuring apply bone dust at the rate of at least one- half ton 
per acre in the spring on the surface and harrow it in.. Before sowing, the surface 
should be harrowed and cross-harrowed until a smooth, even surface is produced; 
then sow the seed, and cover it by rolling. 

The best lawn grass is Poa pratensis, variously known as blue grass, green grass, 
and June grass, and the many mixtures sold as lawn grasses are largely composed 
of tliis species. A good mixture is two bushels of the above, one bushel of red top 
(Agrostis vulgaris), and one quart of timothy {Phleum ^jratense). This is sufficient 
for 1 acre, and should be properly mixed before sowing. The timothy seed is in- 
cluded because it vegetates quickly and strongly, loosens the surface soil, and thus ■ 
facilitates the growth of the other gi’asses, and soon disappears. If sown under good 
conditions from 1st of March to middle of April it will be fit for the lawn mower 
by 1st of June, and by the end of that month will present the appearance of a good 
lawn. 

A fine lawn can not be maintained without frequent mowing, and now that numer- 
ous and cheap and efficient lawn mowers are to be found everywhere, there is really 
no excuse for imperfectly kept lawns. 

During the first summer the cuttings of the mower may be allowed to remain on 
the surface as a mulch, but experience shows that the practice is not to be com- 
mended after the first year. 

It is pernicious to sow oats, rye, barley, or other grains with tbe grass seed. These 
strong-growing plants rob the soil and injure the growth of the lower grasses. They 
do not require any protection of this kind, and many failures in lawn making can 
be ti-aced to the practice of mixing these with the grass seeds. 


BRAZIL NUT. 

W. W. W. , Iowa. 

I wisli to jinow Vvdiether the tree that bears Brazil nuts will thrive in the United 
States, and whether they will bear much, if any, frost without injury, and whether 
they will thrive where oranges and almonds do. Also best mode of starting young 
trees from the nuts. 

A.nswer. — The tree that yields these nuts is the Bertholletia excelsa, a native of 
Guiana, Venezuela, and Brazil. It is found in large forests on the banks of the 
Amazon, and is therefore strictly a tropical tree, and would not be at all likely to 
grow to any degree of perfection in Florida. 

Climates suited to almonds and oranges are no criterion for tropical vegetation. 
The former will grow wherever peaches do well, and a bearing orange tree will 
withstand 10° of frost without injury. 

CHICLE GUM. 

R. P., New York City. 

Among the importations at this port there is an article called Chicle Gum. After 
considerable inquiry I have not been able to find the name of the plant which pro- 
'duces it, but have learned that it comes from Mexico. If you can tell me the name 
of the tree or plant, and where it can be obtained, I would try it in Clay County, 
Fla. , where I have interests. 
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Answer . — Chicle gum is furnished by Sapota achras, a tree of the West Indies 
and of some X3arts of Mexico. 

The fruit is called Naseberry, or Sapodilla plum. It is stated that the succulent 
gummy pulp surrounding the seeds is named chicle, and that it is employed in the 
preparation of gum-drops. 

The tree will not flourish in Clay County, Fla., although it is to be found growing 
in the southern extremes of the State, where it has been introduced. 

OPIUM POPPY. 

C. E., Liberty County, Ga. 

I have reason to believe that the opium pojipy will do well here, and would try it 
if I had enough seed of the right variety to make a plantation of several acres. . Can 
you furnish seed or procure it for me at my expense ? 

I should be obliged for any information in regard to its culture, and how best to 
get the opium from it. 

Answer . — So far as climat;e is to be considered the poppy plant will grow in Geor- 
gia, and, indeed, in most of the United States, and seed can easily be secured, and 
the plants are easily raised. The soil should be very finely pulverized on the sur- 
face and the seeds sown in shallow drills, or rather mere marks. The seeds are 
very minute and should be mixed in fifty parts of dry sand, then sand and seed 
sprinkled thinly on the surface and covered simply by passing a light roller over 
them. These drills may be 2 feet apart, and when the plants appear they are thinned 
out so that they will be from 6 to 8 inches apart. 

It is highly improbable that it can be profitably produced in this country, as may 
be gleaned from the details of collecting the juice. 

When the seed pods are properly matured the milky juice is obtained by making 
incisions in the pods with small lancets. This requires great care, so that the incis- 
ion is not made through the entire substance of the pod; the surface only is scari- 
fied. The cutting being performed in the afternoon, the opium is allowed to exude 
and remain on the pod till next morning, when it is scraped off, drop by drop, and 
thus collected in a small cup. Successive incisions are required to secure complete 
exudation. 

It is thus seen that the process is slow and tedious, and it is stated that the aver- 
age pay of the operators does not reach 10 cents per day. 

The factory operations in x>reparing the article for commerce are also tedious and 
complicated, involving much manual labor, which is cheaply x>rocured in Asiatic 
countries. 

CAMPHOR TRteE. 

J. S. R. , Hernando County, Fla. 

A camphor tree received from your Department six years ago has grown up into a 
fine tree some 15 feet in height. It is a beautiful ornamental tree, and ds valuable 
on that account alone, but if this is the tree from which the camphor of trade is 
obtained I would be obliged if you could inform me how to get it. I have tried 
cutting the bark, but could not see any exudation of gum. 

A^iswer . — The Camphor tree, Camphora offlcinarum, is a native of China and 
Japan, and yields the camphor of commerce. 

Camphor is obtained by chopping the wood or roots into small pieces and boiling 
them with water in an iron vessel till the camphor begins to adhere to the stirring 
utensil; the liquor is then strained, and the camphor concretes on standing. It is 
afterwards mixed with finely powdered earth and sublimed from one metallic vessel 
into another. 

In Japan the chips are boiled in a vessel to which an earthen head containing 
straw has been fitted, and the camphor sublimes and condenses on the straw. 
Crude camphor very much resembles moist sugar before it is cleaned; it is refined 
by sublimation, an operation which requires care and experience. 

BAHIA ORANGE. 

E. S. , Putnam County, Fla. 

I have seen a statement that the Bahia orange, as seen in the greenhouse in 
Washington, has no pollen on its blossoms, and that is given as a reason for its poor 
bearing in Florida. I would like you to answer me the following questions: 

If the want of the pollen is the cause of its not fruiting in Florida, why does it 
fruit so well in California? 
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If it has no pollen, how does it happen that it affects trees all around it and causes 
them to produce Navel oranges ? 

Insiver . — The statement has not been made that beca.use the Bahia orange flowers 
are lacking in pollen here this variety does not fruit well in I iorida, but ratliei 
that it does not fruit well there for the same reason, that is, want of pollen to prop- 
erly pollenize the pistil ; this we know to be a fact from personal inspection of trees 
of this variety when in flow^er in Florida, ■ Since the first flowering of the Bahia 
here, quite a dozen years ago, this defect has been recognized. After the fruit be- 
came popular in California it wms ascertained, by inquiry, that while the trees did 
not bear so abundantly as many other varieties, yet it produced a fairly profitable 

crop in that State. . . • ^ 

It therefore seems probable that the climatic and cultural conditions permit of a 
better development or" pollen in California than in Florida and in some ot Inn* places. 
This would not be an exceptional case. It is well known that climatic conditions 
affect tlie pollen of plants. Those who are in the liabit of saving seeds know that 
plants will often fail to set seed in the extreme heat of summer, but will produce 
fruit and seed abundantly later in the season w^hen the temj)erature is lov/er. The 
reverse of this is also knowm ; some plants will only seed well during the warmest 
part of the season, and fail to do so in cooler wmather. Whether the flowering 
season of the Bahia in California is more favorable to the rqjening of its pollen than 
is its flowering season in Florida is a point to be determined. 

During the month of December and most of the month of January the orange 
house here is kept at a low temperature, merely excluding frost, and it is also kept 
dry. Occasionally a stray cluster of flowers has appeared on the Bahia during 
this period, and such flowers have developed enough pollen to set fruit, which rarely 
happens in flowers which ox>en in March. This, so far as it goes, indicates some 
relation between temperature and the production of perfect pollen. 

With regard to the question; If this navel orange has no pollen, how does it hap- 
pen that it affects trees all round it and causes tliem to produce Navel oranges? it 
may be stated that this question has been frequently similarly presented for explan- 
ation. Presented in this manner it suggests doubt as to the accuracy of the obser- 
vation of those who have been unable to find pollen in the flowers of this variety of 
orange; at the same time it furnishes no proof of the existence of pollen on the trees 
which are stated to exert so powder ful an influence upon their neighbors. The ques- 
tion can therefore only be looked upon as an imaginary hypothesis. 

The absence or presence of pollen in a blossom is a matter easily determined; a 
few minutes of inspection would enable the observer to state definitely whether it 
has no pollen or the reverse. 

If the statement is verified that the tree has an abundance of perfect pollen, the 
cause of non-productiveness would then become a question of further inquiry. This 
direct evidence of an abundance of pollen would be entitled to a degree of respect 
which is certainly not afforded by the supposition that because other fruit show a 
navel mark therefore the suspected tree must have had an abundance of perfect 
pollen. ' 

The navel mark on oranges is a very indefinite article. Sometimes fruits may be 
taken from a tree, some of which will have a scarcely perceptible indentation as a 
mark, while others will show a protuberance half an inch in diameter. The cause 
of this mark has not been explained. This much may, however, be looked upon as 
certain, that if a vegetable physiologist pickeii a fruit .having something of a navel 
mark from a tree of the St. Michael’s, or from a tree c>f Maltese oval, or from one 
of any variety not known as a Navel, he would not be apt to attribute the appear- 
ance of the mark to pollen influence of sfny kind. 


CANARY SEED. . 

G. M. E., Cecil County, Md. 

I write for information upon the subject of canary seed. I have in view the sub-^ 
ject of planting it for a crop if it will grow here and pay. I shall be obliged for 
what information you can give me as to the character of the plant, the probability 
of'its successful growth here, yield per acre, time of sowing, etc. 

Ansu‘e ?\ — Canary seed is produced by a species of grass, Phalaris eanariensis, 
said to be a native of Asia, but found growing wild in various parts of the eastern 
world. 

But little is known here alx)ut its yield or the profits pertain ijig to its culture. It 
is stated that the amount entering into consumption annua fly is about 200,000 
bushels, and it is chiefly from Turkey and Barbary. 
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As cultivated in these countries, the seeds are sown early in spring, in drills 6 
inches apa,rt, and the plants thinned to 2 inches aj)art in the rows. It is a slow- 
growing, slender-stemmed plant, requiring frequent hoeing to keep weeds from de- 
stroying it. Much care is required in harvesting, as the seeds fall off easily ; birds 
are fond of it when it is opening. In some countries the seeds are fed to race horses, 
as they are said to strengthen muscle without being fattening. No doubt the plant 
will grovv' well in Maryland. Probably there would be but little profit in its pro- 
duction, This can only be ascertained from a practical experiment. 


TREE-PLANTING. 

J. R. E., Fairfax County, Va. 

The question as to the best time to plant shade trees or apple and pear trees has 
been discussed at our club meeting. Some prefer fall plamting because the soil be- 
comes well settled about the roots before spring and the trees do much better than 
those planted in the spring; others maintain that fall planting has no advantages, 
but on the contrary they have lost trees which were set out just before winter set 
in, and consider spring planting to be more reliable. Can the Department of Agri- 
culture advise us of the results and conclusions reached on these points ? 

Answer . — Fall planting is preferable to spring planting because the conditions of 
the soil and climate are then most favorable. In jiropagating plants by cuttings it 
is found that rooting is most successful when the bed in which the cuttings are in- 
serted is 15° or 20° warmer than the atmosphere surrounding them. The heated 
soil encourages the formation of roots, while the cool temperature prevents bud 
growths. When these conditions are reversed the cutting will grow for a time with- 
out forming roots. 

It is found that during the month of October in this locality the soil averages 
several degrees warmer than the atmosphere. This gives a kind of natural hot-bed 
into which we place a newly removed tree, the formation of young roots com- 
mences at once, and in a few weeks a good system of roots are established, enabling 
the tree to stand the vicissitudes of winter and make an early and vigorous start 
the following spring. 

If planting is delayed until spring these physical conditions of soil and atmos- 
phere are to a certain degree reversed: the soil is then cold and accumulates heat 
slowly, while the air ^Rpidly increases in warmth. Trees planted at this time will 
have the buds excited to growth, and leaves will be formed in advance of the 
roots; these extract sap from the branches and stem of the tree, which as yet has 
no active roots to supply this demand. If the w eather proves to be dry and warm 
the evaporation w-ill either destroy the tree or greatly check its growth and well- 
doing. This is the reason why spring-planted trees occasionally come out into leaf, 
apparently vigorous and healthy, but will suddenly wither and. die under the in- 
iluence of dry w^eather. 

From the above it will appear evident that fall planting should be performed as 
soon as the leaves drop. In fact it is most successful when the leaves are stripped 
from the trees, not later than the middle of October, and planting done at once. If 
delayed beyond the middle of November in this locality success will be less certain 
and none of the advantages of fall planting secured. Many failures occur by thus 
delaying the work, and fall planting is denounced as wrong in practice. 


PEAR BLIGHT. 

J. D., Kansas. 

What effect ha's the stock on pear blight? The original Kieffer tree is said to be 
tree from blight, and for years it was claimed that all Kielfers were blight-proof, 
yet of late years w^e have undoubtable evidence that they do blight. Now, why this 
change ? Ts it from foreign sap introduced into the tree through the budding and 
grafting? First, it was budded on the common pear stock, then cions from that 
were grafted on another, and so the process was continued until the original sap, we 
might say, has all been worked out, and as a consequence we have blight. 

The Le Conte pear was claimed to be exempt from blight, yet we find in late years 
that it has blighted. Those who profess to know say that there has never been a 
case of blight on any tree that can be traced back to the original tree cuttings, but 
the blight is only on trees which have been grafted. 
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Now the question arises, are any pear trees blight-proof? and if so can they be 
kept in that condition by propagating only from cuttings ? 

Answer . — It may be said that those who claimed that the Kielier pear would be 
blight-proof simply made a mistake. As its culture extended and plantations were 
set ovit in different localities cases of blight were reported. When the Kieffer com" s 
under the influences which cause blight, it seems to be just as sensitive as many 
other varieties of its species. 

The causes of blight on the pear are not yet understood. The opinion that it is 
caused by bacteria is quite j)revalent, but there are many others who maintain that 
bacteria is not the cause of the disease, but exists because of the disease; in other 
words, that bacteria has nothing to do with the origin of disease in plants or ani- 
mals, but let the animal tissue die and it is in the condition to decompose, and can 
only do so by bacterial growth. The same with plants. The germs of bacteria swarm 
in the air, and are always ready to light ux-)On disorganized tissue and perform the 
great and imjjortant task of reducing the vegetable world to its ultimate elements. 

Budding upon other than Kieffer stock can have nothing to do with blight. The 
entire foliage being Kieffer will naturally determine and control the cell growth of 
the whole plant. 

The claims made for the La Conte pear as being blight-proof rest on no better 
foundation. Trees of this variety procured from Thomasville, Ga., which were 
propagated from cuttings, have blighted badly, so badly as to entirely destroy the 
tree. They have suffered more than the Kieffer under similar conditions; that is, 
they were growing within 40 feet of each other. 

If any variety of pear is blight-proof it has not yet been made known, and it is 
beyond controversy that pear trees raised from cuttings are just as liable to be at- 
tacked by blight as are varieties propagated by any other method. 

t 

COFFEE. 

W. H. M., Sanford, Fla. 

I shall be pleased to receive, at your earliest convenience, as many coffee plants 
as you can spare me; also as much coffee seed as you can send. 

I have had several years’ experience in coffee growing in southern India, and 
want to try it here, as I think the climate and soil well adapted to successful culti- 
vation of coffee. 

Answer . — The Department of Agriculture has for nearly a quarter of a century 
made yearly distributions of coffee plants, sending them to the warmest localities 
in the United States, but the returns have not been of a nature to warrant further 
continuance of the distribution of these plants so far as relates to the object in view 
of establishing a profitable industry. 

It is true that several years ago a small quantity of ripened berries were produced 
on coffee plants growing near the Manatee River, but it was understood that these 
plants were in a very well sheltered position, and received additional protection 
during the severest weather in winter. Subsequently these trees were frozen to the 
ground by a cold of unusual severity for that locality. 

It is quite certain that coffee can not become a profitable crop at Sanford, Fla., 
W'here a lowering of temperature down to or below the point of freezing occurs 
almost every winter. Although the freezing point may not be reached, yet occa- 
sional low temperatures in the fall or early winter months retards the ripening of 
the fruit, even when the plant is apparently uninjured. A tropical climate means 
something more than mere exemption from frost. 

Experienced coffee-growers state that the culture is not commercially profitable 
in a climate where the thermometer falls below 50° F. at any time during the year. 
The plant will survive a much lower temperature than the above, but the above 
estimate refers to the value of the crop. 

MUSTARD SEED. 

J. W. H., West Virginia. 

I am using in my business a large quantity of imported mustard seed, and being 
desirous of raising the seed in this section I write for information as to its culture. 

Answer. — Black-seeded mustard, Sina^sis nigra, and white-seeded mustard. Sin- 
apsis alba are the kinds usually cultivated. The former is said to have the preference 
for manufacture into flour. 
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As far as can be learned, there have been but few attempts to cultivate the mustard 
plant in this country, and the results obtained have not been very satisfactory. 

Mustard requires a rich, loamy soil for its growth. It is sown in spring, usually 
broadcast, although sometimes in drills about 1 foot apart. The soil requires to have a 
finely -pulverized surface before sowing, so that the seeds may be equally covered by 
harrow and roller; if they are covered more than one-half inch with soil they may 
remain dormant for many years. It is found that buried mustard seeds will remain 
dormant for decades, and vegetate when brought near the surface ; so it is difficult 
to get rid of it in fields where it has once been grown, the seeds shaken out in har- 
vesting being sufficient to furnish a crop, as weeds, for many years. 

About one-half peck of seed will sow an acre, and a good crop will return 30 bushels 
per acre. This quantity is procured only where soil and climate conduce to best 
results. In dry seasons this amount would be very much reduced. 


GRAPE ROT. 

J. K., Fairfax County, Va. 

My grapes were, I may say, a complete failure this year from rot. Ever since 
my vines commenced bearing they have suffered more or less, some seasons less 
than others. Four years ago I may say that the crop was as total a failure as this. 
Last year I saved a good half crop. I need not say that I am discouraged, and will 
abandon the culture if this disease continues, but I am loth to dig them u]^) if any- 
thing can be done to save them. They have been carefully pruned and fertilized 
with bone, the land is not poor, and the vines make plenty of growtli. 

What is the general result of putting paper bags over the bunches ? If any par- 
ticular point in culture or management can modify or extirpate this ruinous inflic- 
tion I would be glad to know it. 

Ansiver . — As to the general result of putting paper bags over the bunches, it may 
be stated that it is successful. Some few report unfavorably, but it has been found 
necessary to place the bunches in bags as soon as the berries are formed, and that, 
when the covering is delayed much beyond this iieriod, rotted berries have been 
found in the bags. 

It has long been observed and noted that grape-vines protected by a, canopy or 
covering, such as the projecting eaves of a building, or even the casual protection 
afforded them when growing up through the branches of a tree, are measurably ex- 
empt from fungous diseases. Recent reports show that grapes under a board, or 
even a muslin cover, are almost entirely exempt from rot. A protected grape trellis 
is described and figured in the Agricultural Import for 1861, and was in use in the 
garden of the Department for many years, with the best results. This board-cov- 
ered trellis was substituted by a T-shaped trellis, the flat top being wired, and the 
vines allowed to cover it with a dense mass of foliage. This arrangement was found 
to be quite as effectual in protecting from mildew^ and rot as the moie solid but 
more expensive cover of boards. In this case the more robust growing varieties of 
grapes were planted at intervals of 30 feet, and trained exclusively on top of the 
trellis. So far as economy is concerned this plan has an advantage over all others, 
inasmuch as the vines used for protection also yield their crop of fruit. 

Even on the ordinary wired trellis exemption from rot has been observed when 
the summer growth has been allowed to accumulate on the top wire, and the ends 
of long shoots and laterals allowed to Lang down like a screen over the ])lants. To 
secure this heavy top growth summer pruning will be abandoned, w^hicli is perhaps 
an advantage to the crop. Summer pruning, when done at all, is usually overdone, 
and is but little practiced by the most successful grape-growers. 


LICORICE. 

P. W. J. , Accomack County, Va. 

I would be greatly indebted if yon will let me know what you thinls: about the 
culture of Licorice in this county. Our winters are not quite so severe as at Wash- 
ington, D. C., and my soil is somewhat sandy. I am anxious to learn something 
about its cultivation and whether the crop would be a profitable one to laise. 

Answer . — So far as regards the cold of winter the Licorice plant will not be in- 
jured, but its profitable culture may be considered as doubtful. 

To produce good licorice roots the soil must be rich, and it must be deeply worked, 
at least to a depth of 2 feet. It is very essential to have a deep soil to allow the 
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downward growth of the roots, which increases their commercial value and enables 
the plant to withstand hot, dry summers, for if the plants are weakened or checked 
in luxuriance they are liable to the attacks of the red spider, which destroys the 

foliage. j • + • 

The plants are propagated by the slender side roots, which are removed in trim- 
ming the saleable portions. Tliey are set in the prepared soil by making a perpen- 
dicular hole with a sharp-pointed stick or dibble and inserting the root-slip so that 
it will be covered entirely, exactly as horse-radish sets are planted. 

Frequent hoeing wall be necessary during summer, not only to destroy weeds but 
to maintain growth, and the deeper the culture, without hurting the roots, the better 

the plants. i j. j 

As winter approaches the tops will become yellow, and after growth is completed 

they can be cleaned off and the plants covered with manure. 

At the end of the third summer’s growth, if the plants have done well, the roots 
will be large enougli for market. The process of digging out and harvesting the 
roots is perhaps the most tedious operation connected with the crop. Thev run 
from 2 to more feet in depth and can only be secured safely by the use of the 
spade, so that the whole root may be secured without breakage. 

The marketable portions are trimmed of all side roots, washed^ dried, and tied in 

bundles for sale. 

The labor and cost of manure for thorough preparation of the ground irom to 
3 feet in depth, the planting and cultivation for three or four years m producing 
one crop, and the cost of harvesting the roots leads to the opinion that its profit- 
able culture is doubtful, at least while the price of the article remains as at present. 


PRUNING GRAPES. 

F. M. D., Steuben County, N. Y. 

There seems to be quite a diversity of opinions as to the best time to prune the 
grape-vine. Some prune in the fall and others any time during the winter or 
spring. Many groovers think that there is no particular time better than another 
so far as fruit is concerned. If the Department of Agriculture has any rule for 
this operation I would be obliged for information as to the time, and why any par- 
ticular time is preferred. 

Answer. — The best time for the winter pruning of grapes is soon after the fall of 
the leaves, and the sooner the better, for the reason that the buds will push with 
more vigor in spring, will bear better fruit, which will ripen somewhat earlier. 
This arises from the circumstance that the plant during winter continues to absorb 
more or less of nutriment by its roots, which is distributed in the branches or wood. 
If, therefore, pruning is delayed until the approach of spring this winter accumula- 
tion is largely destroyed and lost. When, however, the vine is pruned in the fall 
the winter accumulation of increase will be deposited in the buds and parts left 
after pruning, and such buds will start vigorously and, in consequence of their 
better development, the fruit they show will be increased, and the shoots will ad- 
vance rapidly in growth and attain maturity sooner than those from w^eaker bu^ls, 
as may be tested by comparative trials and close observation of results. 

This becomes a matter of considerable importance in locahties w^here the growing 
season is barely of sufficient length to ripen the fruit. 


TONKA BEAN. 

N. B. G., Orange, County, Fla. 

Among other tropical plants which I am trying to grow I would like to raise the 
Tonka bean plant, and would be greatly obliged for some plants or seeds of it for 
trial, also some information as to the particular value and use of the bean. 

I hear of a wild vanilla said to be growing in some parts of this State; would like 
to know something about it and where seeds or plants can be secured. 

Answer. — The Tonka bean is the seed of a tropical tree of Guiana, called Dip- 
terix odorata. which reaches to a height of 60 or 80 feet. The bean has a strong 
odor, somewhat resembling that of cloves, and is due to a principle called couma- 
rine, a fragrant principle found in the dried leaves of the vernal grass, Anthoxan- 
• thmn odoratum, and in the leaves of the yellow melilot, Melilotus officinalis. The 
Tonka bean has been used to scent snuff, hence it is called the snuff bean. It is 
sometimes employed to adulterate vanilla. It imparts to true vanilla a sharp, rank 
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odor and taste, which some persons think indicate “strength,” but it detracts from 
tile genuine vanilla flavor. 

The Dipterix would not succeed with you, as it requires a strictly tropical climate. 

The term wild vanilla is given to a composite plant of the Southern States, called 
Liatris odoratissima. The dried leaves emit a peculiar odor, also due to the prin- 
ciple coumarine. These leaves are used in scenting tobacco and snufC. This Lia- 
ti'is is found in swampy woods throughout Florida, which, with the assistance of a 
local botanist, you can procure without much trouble or expense. 


ZANTE CURRANT. 


H. FI. M., San Bernardina County, Cal. 

I am anxious to test the soil here in producing the “ Zante Currant,” and desire 
to know the kind of vine that produces this fruit and where plants can be obtained. 

Answer . — The Zante currant is the product of a variety of the foreign grape and 
will undoubtedly grow where other varieties of Vitis vinifera flourish. 

It is merely a seedless form of a black grape; the origin or cause of its being 
seedless has not clearly been explained, except that it results from a deficiency of 
pollen at the blooming period of the flowers. Similar results are not uncommon 
with Black Hamburg and other varieties when grown in glass structures; bunches 
will sometimes fail to be properly pollenizefl, so that a few berries may reach full 
size with a more or less percentage of small seedless fruits. 

Statements have been made that Zante currants can be produced only in Greece, 
and that in other countries where it has been tried the plant will produce so many 
full-formed berries as to depreciate its value as a currant crop. 

The plant has long ago been introduced into California and is advertised for sale 
by various nurserymen throughout the State. 


LIME WASH FOR TREES. 

E. D. S., Steuben County, N. Y. 

I am told that the Department recommends the whitewashing of fruit trees as 
a cure for blights, yellows, and other diseases. If this is true may I ask what this 
wash consists of, and how applied so as not to injure the tree. Will not the clogging 
of the pores in the bark of a tree by a coating of lime or other wash do more harm 
than good ? 

Some of my' apple and p^ar trees have blighted to some extent, but I have seen it 
stated that washing the bark of trees has no effect, either as a preventive or as a 
cure for blight. Can you inform me on this point ? 

Answer . — The reports of this Department have nowhere recommended white- 
washing as a cure for “yellows and other plant diseases,” but frequent mention has 
been made of the application on pear and other trees as a preventive of blight, at 
least on the parts covered with the mixture. No harm need be feared in regard to 
clogging pores in the bark, as there are no pores in the bark that can be harmed by 
the application. 

Tlie wash is prepared by placing one-half bushel of lime and 8 pounds of 
powdered sulphur in a vessel of any suitable kind, covering w^ith boiling water to 
properly slake the lime. 

The mixture is applied with a brush, covering all parts of the tree that can 
readily be reached. The most potent ingredient of the wash is the sulphur. The 
heat of the sun acting upon the wash evolves sulphurous gases which are fatal to 
bacteria and microscopic fungi, which, as has been demonstrated, are active agents 
in blight. It is well known that these microscopic spores are destroyed by sul- 
phurous gases and heat is required to evolve them. Sulphur applications are often 
made for the destruction of mildew on roses and on other plants, but the efficacy 
of tlie sulphur depends upon its connection with a certain degree of heat; but it 
must not ignite. The gases of burning sulphur are fatal to the higher order of 
vegetation and are speedily destructive to all plants. 

Those who have used this lime and sulphur wash on their orchard trees are 
pleased with t le results and have faith in its efficacy in preventing blight. 

But it is well to keep in view that, while blight will not maintain upon the por- 
tion covered with the wash, the fumes from the sulphur may not be sufficient to 
prevent blight on the extreme points of branches which can not be reached with 
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the brush. If blight is discovered on a twig or on a branch it should be removed 
without delay. With this attention, and covering the main branches with the 
wash, losses from blight need not greatly be feared. 


RHUBARB. 

N. E. C., Walton County, Ga. 

I am anxious to purchase a small quantity of seed of the true medicinal Rhubarb. 
If you will kindly inform me of its botanical name and where it can be obtained, 
and anything you may know about its culture or preparation for market, you will 
place me under great obligations. I want the best Turkey rhubarb, or the best 
commercial kind. 

Ansioer . — Efforts hitherto made by the Department to procure seeds of the best 
medicinal rhubarb have not been successful. It appears that medico-botanists differ 
in opinions as to the species of rhubarb which yields the best medicinal root; on the 
other hand, it has been stated that the roots of the common kinds, grown for culinary 
purposes under the name of Pie-plant, yield good medicinal roots, and that much 
of the article in commerce comes from this source. 

It is an article of very ancient use. It is said to be mentioned by Chinese writers 
four thousand five hundred years ago. It is mentioned by early writers as having 
been brought fiom beyond the Bosphorus. The Rha, wliich came into Europe by 
the ancient caravan routes from northern China, by Bokhara and Asia Minor, was 
called Rha-ponticum and that which came by Russia and Danube was called Rha- 
barharum. The designations Turkey, Russia, East Indian, and Canton rhubarb 
merely indicate the commercial channel through which the article has been de- 
rived in modern times. 

To the species Rheum palmatum has been attributed the origin of Persian, Turkey, 
Russian, and Muscovite rhubarbs, and Chinese rhubarbs are said to be produced 
chiefly, if not wholly, by Rheum australe. 

It is now claimed that the true source of the best medicinal rhubarb is Rheum 
officinale, a native of Thibet. 

The ordinary species of rhubarb are herbaceous perennials, with a thick root 
stock and deciduous leaves. In Rheum officinale, after the third or fourth year of 
its growth from seed the root-stock gradually decays and a stem is formed above 
ground from which roots are emitted to support the plant. These stems have thick 
branches, often 6 to 8 inches in diameter, and are the parts used in medicine, and 
not the rhizome or root. 

It is considered that very much of the difference of appearance aild quality of 
commercial rhubarb is largely owing to the time of lifting the root and the care 
given in its preparation for market. The roots are in many places taken up early 
in autumn; the Chinese dig up the roots early in spring, just before the leaves 
appear. 

When the roots are lifted they are first divested of all small fibers, then thoroughly 
cleaned by washing. After drying in the sun for several days they are cut in thin 
slices, and after a further due exposure to the sun a hole is bored in each slice 
and strung on a thread until properly dried. 

The pieces are then . put through a finishing process by being placed in a close 
cylinder where they are sub 'ected to abrasion by the rapid revolution of the vessel. 
This smooths their surfaces, liberating at the same time a fine dust or powder v^hich 
envelops each piece with a fine bloom, like that upon the surface of a ripe plum. 

There is no reason to doubt that the root if grown in the warmer climates here 
would be equal to the best, provided species which yield a good article could be 
procured. ^ Its culture is simple and its xDrei^aration easily accomplished. 

GINSENG. 

P. W.,' Albemarle County, Va. 

Has the Chinese Ginseng plant been cultivated in this country? I would try it 
if I ItneAv where to purchase seed. If you can give me any information as to how 
seeds or plants can be had and how it is cultivated I will be obliged; also, would 
like to know the probable profit of the crop). 

Ansioer . — So far as can be learned ginseng has not been successfully cultivated 
in this country. It is a product of the woods, and efforts made in its culture have 
not proved satisfactory. Chinese ginseng is closely allied to our native species; 
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seeds have occasionally been received from China and Japan, but so far as ascer- 
tained they have not vegetated. It is possible that they soon lose their germinating 
power, as, it is stated, the Japanese deposit the seeds in the ground as soon as they 
are collected, in order to keep them fresh until wanted to sow. 

The Japanese cultivate the plant to some extent, and their method is to select a 
sheltered position and make a bed of leaf -mold in which the seeds are sovii, and 
where the plants remain until they are ready for use. These beds are protected 
from the sun by a roof of straw laid on poles, which are supported on posts. After 
growing four years the roots are lifted, carefully washed, scalded in boiling water, 
then dried in a higli temperature until they become brittle. The best tirticle sells 
for about $5 a pound in Japan. It is a plant which does not submit readily to cult- 
ure, and its production as a profitable crop would be very doubtful. 

HOESE-CHESTNUT TREE. 

B. D., Oswego, N. Y. 

I understand that Horse-chestnuts are raised in considerable quantities in France, 
and are used as food for horses, cattle, and hogs to fatten them. The nut has a 
bitter taste, and it is said that the French people use some kind of alkali to kill this 
bitter taste and thus make it palatable to their cattle. I wish to find this out, and 
my reason is that in this city and county horse-chestnuts are grown for shade 
trees, and thus large quantities of the nuts are grown and go to waste, and we want 
to know how to use them. Also, the wood is white and could be used for fancy 
work and finishing furniture. Have you data on the utilization of the Horse- 
chestnut tree ? 

Answer . — The nuts of the Horse-chestnut tree, j^sculus Hippoeastanum, contain 
about 20 per cent, of starch, but contain a bitter principle, which makes them un- 
palatable to most animals, although it is stated that goats, sheet), and deer eat them. 
They are sometimes boiled, which reduces the bitterness, and are then fed to poultry. 
When the nuts are dried and reduced to a coarse flour, the bitterness is removed by 
simply washing the flour with water, A paste made with this flour before wash- 
ing is used by book-binders and pasteboard manufacturers, its bitterness saving it 
from the attacks of insects. The bitter principle is called esculin. 

The following products are obtained from the nuts in France: 

(1) An alkaline lye from the burnt-seed vessels. 

(2) A charcoal from the skin of the nut, which forms the base of different print- 
ing inks. 

(3) From the amylaceous pulp the fecula is extracted, which can be transformed 
into dextrine, glucose, alcohol, or vinegar. 

(4) A fatty matter, which serves to make a kind of soap, and which also is em- 
ployed to render certain mineral colors more fixed and solid. 

(5) A yellow coloring matter, which serves for various purposes of dyeing. 

(6) The ashes of the burnt nuts contain 75 per cent, of potash. 

(7) The bark has been used as a substitute for cinchona. 

(8) Tannin is found in all parts of the tree, leaves, bark, and fruit. 

(9) Water in which the nuts are boiled is used for bleaching hemp, flax, and other 
fibers. 


INDIA GRAINS. 

M. H. N., Texas. 

During a residence in India I became acquainted with several kinjs of grain 
which are superior to anything grown in this country as feed for stock. Ifiese grains 
V are grown in the dry regions, and for that reason I think they would be specially 
adapted to southwestern Texas. There is a kind called Gram grown in central 
India, and in southern India another kind also called Gram. These are ground before 
fed to stock. Then there is a grain called Bajery, which is used for making bread, 
of wliich the yield per acre is very large. 

The Department might procure these seeds through the consular service) or from 
merchants in Bombay. If they can be secured I will have them tried in south- 
western Texas and make known the result. 

Answer . — The word Gram is used in India to designate various kinds of peas and 
beans grown for food, just as we use the word grain to designate various useful 
seeds. Among the species known as Gram the following are noted : Cicer arietinum, 
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Phaseolus of many kinds, DoUchos uniflorus, Soja hispida, and various species of 
Vigna, which are"^ largely grown in the Southern States under the narcie of Cow- 
peas. These, however, are not peas, they are small beans. 

Bajery or Bajree is a name aj) 2 ^ 1 ied to the seeds of Penicillaria spicata, which is 
well known liere as Pearl Millet, and may be procured from most dealers in agri- 
cultural seeds in the United States. 

SEEDLING OEANGES. 

M. E. R. , Frederick County, Md. 

I have three orange and one lemon tree in tubs; the plants are about 4 feet high; 
the lemon tree is the tallest; they have not had any blossom, and I am told that 
before they will flower they must be cut down and grafted ; but the plants are so 
fine, and I value them so highly, having raised them from seeds planted by myself, 
that I will be very sorry to have them cut if it can be helped. Please inform me if 
it is true that they will not flower unless they are grafted. 

A7isy.^er . — Undoubtedly they \vill flower without being grafted. Proliably one- 
half of all the fruit-bearing Orange Trees on this continent nave never beengi afted; 
but they seldom blossom until they are eight to ten 3 ears old, unless under siiecial 
treatment. This special treatment consists in what is technically known as 
‘^stunting” the plant, or allowing it to become “pot-bound,” thus retarding its 
growth for want of nourishment, which in all cases tends to the foi'mation of 
blossom buds, and checks the growth of wood. But this must not be carried so far 
as to interfere with the general health of the plant, because it would then have a 
tendency to jiroduce disease. 

Orange Trees are grafted or budded only when it is desired to extend, jiropa- 
gation, any jiarticular variety. 

The Orange reproduces itself from seed more closely than most varieties of tree 
fruits, but no dejiendence can be placed u}ion this mode of reproduction for abso- 
lute similarity in all of the essential qualities. But budding or grafting has a 
tendency to hasten the flowering period, and the operation is often performed for 
this purpose on the Orange where it is groAvn only as an ornamental plant. 


PEEN-TO PEACH. 

B. F. G., Wilmington, Del. 

I have apxilied to several nurseries for plants of the Peen-to jjeach, hut have not 
been successful. In rej)!}^ to my last application I was informed that the variety 
would not live in Delaware, and also that tiio fruit was small, bitter, and not worth 
having. 

This does not conform to what I lia ve heard a’oout the fruit as grown in the South, 
where it is claimed to be the earliest and best peach they can grow. What is the ex- 
jierience or knowledge of the Department oii this tree and fruit ? 

Ansiver . — The Peen-to jieach will not do well in your china, te; thewini:ers are too 
severe for it. 

As to the fruit it is, when well grown, not above medium size, and when fully 
ripened on the tree is of fairly good quality for so early a fruit, but if gathered before 
full maturitv it has somewhat of a bitter taste. 

V 

In xiortions of Florida, where the common peach rarely bears fruit, the Peen-to is 
the earliest and best peach tliey grow, and it will undoubtedly be the jiarent of a 
class of trees xiarticularly suited to that climate. It is stated that already seedlings 
of the Peen-to lin vc boo]i procured wliich prove to excel the parent both in size and 
quality. 

INDIGO. 

H. S. B., Sanford, Fla. 

I should be much obliged if you could give me any information as to the xilanting, 
fertilizing, and xirejiaration of Indigo, and also if it would flourish in this soil and 
climate. 

Answer . — The indigo plant, Indigofera tinctoria, is a native of Asia, but has been 
cultivated in many parts of the world. Indigo was at one feme an article of export 
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from South Carolina and other Southern States, but its production in the States has 
long ceased to be of commercial importance. 

The plant requires a moderately rich soil, the seeds being sown early in spring, 
sometimes broadcast, but preferably in shallow drills about 16 inches apart, 'So that 
weeds can be removed or kept down by hoeing. The plants wdll be ready to cut in 
about three months after sowing the seeds. They are cut just before coming into 
flower, and if conditions of growth are favorable a second crop may be cut in about 
two months afterwards. 

The coloring matter does not exist as indigo in the xjlant, but when the plant is 
steeped in water and subjected to certain processes the blue color is educed. 

As soon as the plants are cut they are thrown into vats of water, where they are 
allowed to remain until sufficiently macerated. The liquid is then drawn into an- 
other vat, where it is subjected to agitation by beating with rods for several hours, 
or until the water changes from a greenish to a deep purple color. It is then al- 
lowed to settle. The water gradually clears and the indigo sediment is found on the 
bottom of the vat. 

It is then boiled, strained through bags, and otherv/ise treated until prepared for 
commerce. 

All the processes require careful, skilled treatment to secure the best results. 

Indigo was produced near Saint Augustine prior to the year 1760, and records 
show that it was cultivated in Virginia about 1680. 

There seems no reason to doubt its adaptability to the climate of southern Florida, 
provided the seed is sown in deep rich soil, but it is somewhat doubtful that it would 
prove to be a profitable crop. 


NAVEL ORANGES. 

From Putnam County, Fla. 

As there seems to be an uncertainty about the proper distinction regarding navel 
oranges, I would be pleased to have you inform me whether or not the Bahia, Wash- 
ington navel, Riverside navel, and Parsons navel are all one kind. Also, w'ould 
like to know if any of these were ever sent to Florida by your Department. 

Answer . — Of the above the only variety of the navel orange sent out from this 
Department was the Bahia. This variety was imported from Bahia some years 
ago, and to designate it from other navel oranges the name of Bahia was attached 
to it. Young plants of this variety were distributed in California and Florida about 
the same time, but mostly in Florida, where there are now large trees of first dis- 
tributions. However, the conditions of climate, probably, in California seemed to 
suit the variety better than Florida. At all events, its value there soon brought it 
into notice, and as it first fruited at a place named Riverside it received that name, 
also that of Washington, thus ignoring the name on the label attached to the plant 
when received. 

As to the variety known as Parsons Navel, this Department has no knowledge of 
its origin. 

With regard to the distribution of the Bahia from here, as between California and 
Florida, many more have been sent to the latter-named State. 

NETTLE FIBER. 

From South Carolina. 

I wish you would advise me of any improvements or developments that liave been 
made recently in the preparation of nettle fiber. Our country is overrun with net- 
tles, and it would be a blessing if they could be piit to some use. 

Ansiver . — The Department is not aware that nettle fiber enters into commerce to 
any extent. Ramie", one of the best fiber plants of the nettle family, has consider- 
abie commercial value, ])ut the expense of its preparation for market has, hitherto 
at least, prevented its profitable culture, although machinery for its profitable prep- 
aration has lately been announced. 

EUCALYPTUS TREE. 

From York, Pa. 

I have seen it stated at various times that Eucalyptus globulus trees were being- 
planted in the public grounds in Washington on account of their supposed power io 
prevent malarial emanations from the soil. 
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Desiring to plant a shade tree in front of my house, I desire to ascertain whether 
the Eucalyptus is likely to thrive well in this climate. 

Answe/.—ThQ Eucalyptus globulus has not been planted in the public grounds at 
Washington. 

The tree is altogether too tender for this chmate. It will not withstand more 
than 5 or 6 degrees of frost, and has been killed by cold at Galveston, Tex., and in 
Florida as far south as latitude 29'". 


PERUVIAN TEA. 

E. H., North Carolina. 

Can you furnish me with any plants of the Peruvian tea or mate for experiment 
here? 

Answer, — The plant which yields the leaves used as tea in Brazil and Peru milex 
paraguayensiSj a large-sized tree which would not grow in North Carolina. 

It seems unnecessary to ignore the Chinese tea-plant. Camellia thea, which will 
grow well in most parts of North Carolina, and contains more theine than the Peru- 
vian plant. 


BLACK PEPPER. 

A. C. P., PoRTLANb, Oregon. 

If possible, I should like to be supplied with seeds of the Black pepper tree or 
vine from the most northern latitude where it flourishes. I would try the experi- 
ment of raising it in the warm valleys of southern Oregon. 

Answer . — The Black pepper Vine, Piper nigrum, is a tropical plant, and therefore 
it would be futile to expect it to grow in any part of Oregon; it requires even a 
warmer climate than either the Pine-apple or the Banana, neither of which can be 
cultivated profitably in Oregon. 


RAMIE. 

B., New York. 

Can Ramie be successfully grown in this State ? 

Answer . — Ramie can be grown in New York State by lifting the roots during the 
fall, and preserving them all winter, like potatoes. But for commercial purposes 
this process would not be profitable ^ unless the profits on the crop were greater 
than they are at present. South of Maryland the plant occupies the ground like 
clover, and once planted no renewal is needed for many years. 

MAHWAH TREE. 

A. P. , South Carolina. 

I send you a slip from a newspaper which strongly advocates the introduction of 
the Mahwah tree from Africa, as a sugar-producing plant of more value than any 
other sugar-plant now in cultivation. Please send me some seeds or jdants for 
trial here, or inform me wdiere they can be procured. 

Answer . — The Mahwah tree, Bassia latifolia, is a native of Bengal and other 
highly-tropical districts in the East Indies, and it is far from probable that it would 
flourish anywhere in the United States, but certainly it could not stand the climate 
of South Carolina. The flowers of this tree are sweet to the taste, and are eaten 
raw by the natives of Guzerat and in other places where the trees abound. A 
fiery kind of spirit is distilled from the flowers. 

The sugar of these flowers is mainly uncrystallizable. Analysis of sun-dried 
flowers yield 56 per cent, of sugar and 15 per cent, of water; further analysis 
showed that sucrose (cane sugar) Avas only present in the proportion of 3 per 
cent., while glucose (Isevulose and dextrine) yielded 52 per cent. Hence it can not 
possibly be substituted for cane or beet sugars. Of nitrogenous matters the flowers 
contained 2 per cent. The usual proportion of useful nitrogenous food should 
have one part of flesh formers to five saccharine ; but in the Mahwah flowers it 
was only two to fifty-five, hence these have but little of nutritious value, 
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OSAGE ORANGE. 

L. B. C., Missouri. 

I write to' ask if you can tell me of a way to destroy the usage orange hedge 
fence. This is becoming unpopular among the best farmers on account of the cost 
of trimming, making it hog-proof, and its taking the substance of the ground for 
such a wide space each side of it. Cutting it, letting it dry, and then burning will 
not do, as it will sprout again from the old roots. 

Answer .— best method of destroying the hedge is to cut the tops of the plants 
so that the remaining stock and roots can be grubbed out, and the more effectually 
these are removed the less trouble will result with suckers; but when these do ap- 
pear they should be hoed out as other weeds are destroyed. Plowing the ground 
deeply for several feet of each side of the original hedge line will brealt and bring 
to the surface some of the roots, every fragment of which should be removed. It 
will not be practicable to get rid of every piece of root at once, but if timely at- 
tention is given to the removal of such growths as may appear, t-he whole will 
eventually be eradicated. 

Respectfully siibinitted. 

William Saunders, 

Superintendent of Gardens and Grounds, Horticulturist, etc, 

Hon. I^ToRMAN J. COLMAN, 

■ Commissioner, 



THE ?fATIONAL HORSE OF AMERICA. 


By Leslie E. Macleod, Associate Editor of Wallace's Monthly, 


In essaying to write of the national American horse^ in order to 
the better establish an understanding between the reader and the 
writer it is essential to oatline the gronnd to be covered, the phases 
of the subject to be touched upon, and the extent to which each can 
be considered. In attempting to deal, in the space of a few pages, 
with a subject that could only be adequately and comprehensively 
discussed in a large volume, Ave must first choose certain divisions of 
the subject to which our attention will be directed, for it is patent 
that Ave can not here discuss so large a topic in all its aspects. Then, 
when Ave have determined our divisions, Ave must again prescribe 
further limits of detail. With these remarks at the outset, the reader 
will' understand why I shall not attempt to treat any single point 
with fullness or minuteness, but shall rather discuss each division 
of the subject in its leading features alone, and Avith that degree of 
generalization necessarily involved in considering a large subject in 
small compass. And I must explain, too, by Avay of preface, that I 
write for the general reader, not for the professional breeder, to 
whom probably all I shall say will prove familiar. 

The division that is the simplest Avill best suit the purpose,, The 
subject will then be divided and considered something in this order: 
(1) Definition. (2) Origin and history. (3) Principles of breeding, 
characteristics, value, and uses of the distinctively American horse. 

The thoroughbred race-horse may with propriety be called the na- 
tional horse of Great Britain. There he has reached his highest de- 
velopment, and if the race-horses of other countries have excelled it 
has been through liberal draughts of English blood. In like manner, 
but in greater degree, the trotting horse is the national horse of Amer- 
ica. He is distinctively and peculiarly an American production; 
The evolution of the trotting breed has been but an incident in the 
development of the Republic. In no other land has the trotter been 
generally bred; in no other land has he been brought to high devel- 
opment as a breed; nor in any other land has he been accepted and 
utilized as specially and superiorly adapted to the every-day uses of 
the people. It is true that Russia has her Orloff trotters, that writ- 
ers speak of ^“^hforfolk trotters’’ in England a century ago, and that 
in France, Austria, emd Australia native horses race at the trotting 
gait. Though vastly superior to any trotter of foreign origin — or 
perhaps it Avould be more correct to call him the only trotter of for- 
eign origin — the Orloff does not hold the place in the affairs of the 
Russian people held by the American trotting-bred horse in the 
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affairs of the American people. He is not generally bred and 
used. As to the ‘‘Norfolk trotters’" of England^ the more that is 
learned of them th^less certain can we be that it is at all correct to 
regard them as a breed of trotters. Should we array all that is 
known of these horses, we could only show that some of them had 
speed at the trot far superior to that of the ordinary English horse, 
and proving this we have not by any means proven that they were 
a trotting breed, but rather have established that they might have 
been suitable raw material from which, by selection and develop- 
ment through a series of generations, to evolve a trotting breed. As 
to the “native trotters*’ of Europe and the “native trotters” of 
Australia, they must be regarded in discussing breeds as yet in too 
embryotic a state to be seriously considered. 

The facts, then, that the fast-trotting horse is distinctively an Amer- 
ican production; that of all our breeds of horses the trotting horse is 
the only one that we can claim as peculiarly American; that he fills 
with the American people a range of uses that no other breed or variety 
can fill; and that he is bred in America to an extent unapproached 
by other breeds, are ample justification for the public acceptance — 
and for my definition — of the trotting-bred horse as the national horse 
of America. 

I will defer comment upon his excellence in special capacities until 
we have done with the historical division of our subject; but I wish 
here to explain that when I define and treat the trotting horse as the 
national horse I do so considering him not chiefly as a turf horse — a 
racing animal — but regarding him in his higher capacity as the special 
horse of the people. Still, in tracing his history, in estimating his 
capacities, and in weighing the relative merits of the different strains 
of blood that enter into this composite breed we must deal in a very 
great measure with his turf history. The horse best adapted to the 
uses of the American farmer and the average American citizen who 
uses horses at all is the one that, with other essentials, combines 
quick, far-reaching, well-balanced action with the endurance to sus- 
tain speed at high rates and long distances. These are, too, the 
qualities primarily required in a horse for racing purposes, and thus 
the blood best for the trotting turf is the best blood from which to 
breed the horse of the road, the park, and the boulevard — the horse 
for the lightest single driving equipage, for the family phaeton, or 
for double harness. Qualities required foir these eminently proper 
purposes are produced in the highest degree by the best trotting 
blood ; we can only determine what the best trotting blood is, by 
the measure of turf tests and turf history; and though these qualities 
may be, and we know are, ofttimes shamefully perverted upon the 
track, they are none the less essential and none the less to be desired 
in the horse we are discussing. The fact that high and excellent 
capacities are perverted to ignoble uses renders them none the less 
to be admired, valued, and striven for. Further on I propose to 
say a word as to the benefits of proper racing. Here I only wish to 
impress upon the reader who may have no interest in the American 
trotter in a turf sense the fact that the value of the light-harness 
horse rests in a large degree upon the purity and quality of his blood, 
and that the worth of his blood can only be determined by what it 
has accomplished under the turf test. Hence the occasion for con- 
sidering turf history. 

To every one accustomed to horses the differences of the various 
gaits are familiar, but to fix them clearly in the mind is a first neces- 
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sitv in studying the subject of breeding horses in which value de- 
pends on speed at a certain gait. The walk, the trot or the pace, 
and the gallop are gaits common to all breeds. The pace, or amble, is 
a gait kindred to the trot and is a faster gait than the trot. The order 
of movement in the trot is left fore foot, right hind foot, right fore 
foot, left hind foot. Thus the left fore and right hind foot move in 
nnison, striking the ground together; then in turn right fore foot 
and left hind foot complete the revolution, and therefore the trot is 
properly called the ^’ diagonal gait.’’ The pacer, like the trotter, 
moves two feet in the same direction simultaneously, then alternates 
with the other two, but in place of the fore leg and the hind leg of 
opposite sides, he moves in unison the fore and hind leg of one side, 
then the fore and hind leg of the other side. Thus we call the pace 
^^the lateral gait.” The difference of the gaits is not great ; the 
mechanism is practically the same. The fact that the same animals 
pace and trot fast, that pacing parents beget trotting progeny, and 
vice versa; and that both gaits seem natural to the same animal 
demonstrates that they are but variations of one gait, occupying 
in the economy of action a place between the walk and the gallop. 
The more closely one studies the relation of these variations of gait 
the less surprising to him will appear the part pacing blood has 
played in establishing a breed of trotters. The fast gallop, or run, 
is an entirely different gait; each leg acts, as it were, independently. 
To begin the revolution the horse makes his bound with the left 
fore foot the last to leave the ground; then for a moment he is en- 
tirely in the air, with his four feet rather bunched, and when he 
strikes ground again it is first with his right hind foot; then a mo- 
ment more and he is poised on the left fore foot, as at the beginning 
of the revolution. It will be seen that this gait is wholly and radi- 
cally different from the pace and trot; that the order of action and 
necessarily the mental organization governing the method of loco- 
motion and use of the limbs are different. Hence no one horse is, or 
can be, possessed of great speed at the gallop and also great speed at 
the trot or pace. To possess great speed of either one of these two 
orders he must inherit speed of that prder. 

As we are indebted to England principally for the nucleus of our 
breed of trotters, it will be of interest to note very briefly such trans- 
atlantic horse history as has a bearing upon the subject. 

The origin of the Orloff, though his blood has not a part in our 
American breed, is of interest, that being the fastest of foreign trotting 
breeds. In 1772 Count Alexis Orloff, a commander in the Russian 
fleet, obtained from a Turkish pasha a large, white Arab or Barb 
horse called Smetanka. From a Danish mare Smetanka got Polkan, 
and from a Dutch mare Polkan got Barss, the founder of the Orloff 
trotters. It will be noted that Barss was two removes from the ori- 
ental horse and carried one-quarter of his blood. The fact has been 
commented upon that Andrew Jackson, the founder of our Clay 
family of trotters, was similarly bred ; that is, he was two removes 
from the imported Barb, Grand Bashaw, and, like Barss, out of a 
mare of unnamed blood. Count Orloff, it appears, bred the Barss 
blood upon itself, and a writer, speaking with the apparent assurance 
of one who knows, tells us that 'Ghe race became a distinct type in 
about thirty years, and since that period all attempts to improve the 
breed by fresh blood, whether Arab, English, French, or Dutch, have 
failed. This can readily be believed, for in our own horse history 
we find its corroboration and analogy. Count Orloff died in 1808^ but 
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his stud was kept intact until 1845, when it was broken up, the Rus- 
sian imperial Government becoming the owner of the greater part. 
The blood and performances of these horses have been carefully re- 
corded. The highest rate of speed known to have been attained 
by an OrlofP was in trotting 3 versts in 5 minutes. A verst being 
l,166f yards, it will be seen that the performance was at the rate of 
a mile in about 2:31^. Though some specimens of the Orlolf trotter 
were brought to the United States, meeting trotting blood superior 
to their own, they naturally failed to leave their piark on our breed. 

The only reputed trotters mentioned by English writers were cer- 
tain horses located chiefly in the county of Norfolk. John Lawrence, 
the earliest writer who mentions them, and a most entertaining one, 
declares that *^Ghe renowned Blank may be looked upon as the 
father of trotters, since from his son Shales have proceeded the best 
and greatest number of horses of that qualification.’’ Blank was a 
son of the Godolphin Arabian whose romantic and mysterious ca- 
reer we are told touched at one time the degradation of hauling a 
cart in the streets of Paris, though at last he achieved fame as a 
mighty sire of English race-horses. As will be seen later on, how- 
ever, Shales was probably by Blaze and not by Blank. One of the 
most famous of this tribe was Marshland Shales, a noted trotter 
that sold for over 3,000 guineas at auction in 1812, when ten years 
old. In writing of these horses a quaint old writer describes Marsh- 
land Shales as ^^the best in Mother England.” Records of their 
speed are indefinite and uncertain, but it is said that a mare named 
Phenomena trotted in July, 1800, 17 miles in 56 minutes, and in 
the same month repeated the performance in 53 minutes. If this 
be true, this mare was the superior of any American trotter, not of 
her day alone, but for many years after her day. When we re- 
member that this was at the rate of 20 miles in 62-J minutes, and 
that it was not until 1849 that Trustee, in America, covered 20 
miles in 59:35^, the conclusion is forced upon us that the Eng- 
lish had the material from which to build and evolve a great breed 
of trotters. That they have nothing equal to Phenomena in these 
days is certain, and the cause of this retrogression is probably that 
The trotting instinct and action in the horses of the olden time has 
been submerged by repeated infusions of running blood, just as the 
ancient English pacer disappeared before the tides of oriental blood 
upon which the English thoroughbred is founded. The chief and, 
indeed, only interest attaching to the Norfolk trotter is in the fact 
that it is practically certain that Imported Bellfounder, the sire of the 
dam of Rysdyk’s Hambletonian, the greatest of all American trotting 
progenitors, was one of this tribe. This horse was imported from 
England in 1822, and was a powerful animal with gigantic quarters, 
showy trotting action, and kindly disposition. Hambletonian bore 
much resemblance to him in form and disposition. 

The foreign horse that played the most important part in origi- 
nating the American trotting breed, and that figures in the ancestry 
of our greatest sires and performers, was Imported Messenger. Ever 
since trotting speed first began to be considered a mark of merit in ^ 
the American horse, ever since . trotting blood was talked of, the 
blood of this horse, Messenger, has been unanimously considered 
the chief foundation stone on which the greatest trotting families 
have been built. Just as the English race-horse was founded on 
orient-al blood, and in years of selection and development for a special 
purpose was bred to a point of excellence unknown to the oriental, 
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SO tlio most unpretentions trotting blood of to-day is superior to 
wbat the direct blood of Messenger was. It is with writers on borse- 
breeding a very common but very erroneous thing to inculcate the 
idea that because some family of horses originated in a famous an- 
cestor he was necessarily superior to his descendants of the present 
day. They forget that in forming a breed we rise superior to as we 
go away from the beginning. A stream meandering from a mount- 
ain spring may be the source of a great river; but if we follow that 
stream we find it joined by tributary after tributary until the aggre- 
gated whole is a mighty volume compared with which the source is 
insignificant. So the speed-transmitting power of Messenger, if it 
could be now drawn upon directly^ would be a weak and sluggish 
element in the swift and intense speed currents of to-day. Still, none 
the less did it play its part as an original source. 

Messenger was a gray horse, foaled in 1780, bred by John Pratt, of 
blew Market, England, and, according to the English Stud Book, was 
got by Mambrino out of a daughter of Turf. Mambrino was by 
Engineer, son of Sampson, by Blaze, by Childers (Flying Childers), 
son of the Barley Arabian, a horse imported to England from the 
Levant in the reign of Queen Anne. Turf, the reputed sire of the 
dam of Messenger, was by Matchem, son of Cade, by the Godolphin 
Arabian. 

Here two points present themselves for consideration, or perhaps 
we should say, speculation : 

First. Mr. J. H. Wallace, founder and compiler of the American 
Trotting Register, than whom no man has worked more indefatiga- 
bly in the interest of the American horse, than whom none has 
accomplished more, and than whom none is a better authority 
has quite clearly demonstrated that Messenger was not a strictly 
thoroughbred horse. Engineer, the sire of Mambrino, sire of Messen- 
ger, was not thoroughbred, and, under the technics of breeding, this 
of itself puts Messenger outside the pale of race-horses of untainted 
blood. Then the evidence that his dam was a daughter of Turf is 
wholly unsatisfactory, and in short, even if all stated in the Stud 
Book is admitted, still under no rule, English or American, could 
Messenger be ranked as thoroughbred. It may be said he was prac- 
tically thoroughbred; but when we reflect that he did that in found- 
ing a trotting breed which no thoroughbred horse ever did, we are 
almost irresistibly forced to the conclusion that in the streams of 
unknown and uncertain blood pouring into his inheritance some 
subtle influence was carried that favored the trotting gait. Indeed, 
this is not speculation, but certainty; for in Pick's Turf Register we 
find this striking and positive statement concerning Mambrino, the 
sire of Messenger : ^ ^ Mambrino was likewise sire of a great many 
excellent hunters and strong, useful road horses. And it has been 
said that from his blood the breed of horses for the coach was 
brought nearly to perfection.’’ 

Another point, speculative rather than certain; I have already 
given John Lawrence’s statement that Blank ^^may be looked upon 
as the father of (English) trotters, since from his son Shales have pro- 
ceeded the best and greatest number of horses of that qualification.” 
But in his history Lawrence admits that the statement that Shales 
was by Blank is merely tradition. In the introduction to V ol. I of 
the English Hackney Stud Book Henry F. Euren, a most candid 
and entertaining writer, pretty satisfactorily demonstrated that Shales 
was a son of Blaze, the sire of Sampson, that got Engineer, sire of 
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Mambrino, the sire of Messenger; and if, as is very probable, Bell- 
fonnder, tlie sire of tlie dam of Rysdyk’s Hambletonian, was a de- 
scendant of Shales, there was a remote consanguinity between the 
male and female lines of Hambletonian’s inheritance. Euren tabulates 
the pedigree of Blaze, and remarks, "'There would appear to be a 
large proportion of English blood in the dam of Blaze, though no 
one can say what was its character, whether running, trotting, or 
ambling/’ And, commenting further, he reasons: 

The fact that in the seventh generation from Blaze, on each side, the reunion of 
the blood in Rysdyk’s Hambletonion, the sire of so many fast American trotting 
horses, should have proved to have been of the most impressive character, would 
appear to warrant the conclusion that there was a strong latent trotting tendency 
in "the ancestors of one, if not on both sides of Blaze. 

1 (lo not attribute much importance to the influence, of remote 
crosstjs, except in one sense — the historical importance of that in- 
fluence as a starting point, from which it, meeting kindred and 
strengthening crosses through successive generations, rises at each re- 
move, stronger, better, and infinitely superior to its origin. 

Messenger was imported to Philadelphia in 1788; was kept in Penn- 
sylvania and New Jersey for the first six years of his life in America, 
and was variously kept on Long Island, in Dutchess, Westchester, 
and Orange Counties, New York, and in New Jersey until his death, 
near Oyster Bay, Long Island, in 1808. As to what degree of trot- 
ting action Messenger possessed we have no evidence; but this much 
is certain, that he left progeny noted for their speed and endurance 
on the road, and when in these descendants this road gait was de- 
veloped and intensified by use, and they were mated with a view to 
producing progeny superior in this special qualification to themselves, 
each generation naturally reached a higher plane of excellence than 
its predecessors. "It was,” says Mr. Wallace, "the crowning glory 
of his twenty years’ service in this country that he left a race of 
driving horses of unapproachable excellence, and as he inherited 
this quality from his sire, so he imparted it to his sons and they in 
turn to theirs until we have to-day from this stock the fleetest and 
stoutest trotters in the world.” And herein lies the importance of 
Messenger, and to this extent only: He furnished sterling "raw ma- 
terial” from which to mold a trotting breed; and the breeder of the 
high-class American, horse of to-day can regard Messenger blood 
much as the jeweler who works a triumph in gold may be supposed 
to regard the rough nugget. 

Though in the second and third generations we find many descendants 
of Messenger noted as trotters in their time atid figuring frequently 
in the trotting genealogies of our day, it is incompatible with the 
purposes and extent of this article to consider any but the chief lines, 
those upon which the place in history of Messenger’s blood as a 
source of the greatest trotting families chiefly depend. These three 
sons — chief sources — we will consider in the inverse order of their im- 
portance: Winthrop Messenger, Bishop’s Hambletonian, Mambrino. 

Winthrop Messenger was taken to Maine in 1816, and was the 
founder of that sterling race frequently spoken of as Maine Mes- 
sengers. He was a large, coarse horse, and was, I judge, very little 
appreciated in his time. Among his best descendants was his son 
Witherell Messenger, sire of Belle of Portland, 2:26. A daughter of 
Witherell Messenger, mated with a son of his, produced the famous 
Belle Strickland, 2:26. Six other daughters figure in the records as 
the dams of trotters with records faster than 2:30. Fanny Pullen, 
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daughter of Wintlirbp Messenger, was a great trotter in her time, 
and to Imported Trustee she produced the famous Trustee that trotted, 
in 1848, 20 miles in 59 *.35^. He was the first horse to trot 20 miles 
within the hour ; to this day only six have done it, and it is earnestly 
to be desired, by every decent horseman that no horse will ever again 
be subjected to this cruel exaction. A course parallel to that which 
produced Belle Strickland brought State of Maine, a horse of some 
merit. He was got by a son of Winthrop Messenger, out of a daugh- 
ter of Winthrop Messenger. Through numerous other channels 
much of the best horse stock of Maine trace to Winthrop Messenger. 

Bishop’s Hambletonian, originally called Hamiltonian, was a bay 
horse, foaled 1804, bred by General Coles, at Dosoris, Long Island, and 
was by Imported Messenger out of Pheasant, by Imported Shark. 
He was as a race-horse quite nearly first class, especially at long dis- 
tances, being successful at 4 miles. He was the best of all Messenger’s 
progeny as a race-horse, if we except Miller’s Damsel, the dam of Amer- 
ican Eclipse. As a sire of trotters and trotting progenitors he won 
distinction. One of the most gifted of early turf writers, who wrote 
with singular severity of this horse, conceded that ^ ‘ he got some 
excellent roadsters, good trotters,” but j^robably in so speaking of the 
race-horse the writer meant to be anything but complimentary. 

Among the progeny of Bishop’s Hambletonian the most distin- 
guished on the trotting turf were the famous Whalebone and another 
early trotter of less note, Sir Peter. In 1830 and 1831 the former 
ranked with the best of his day as a long distance trotter, and has 
to his credit a performance of 32 miles in 1:58:05. Daughters of 
Bishop’s Hambletonian produced Paul Pry and Topgallant, both being 
by other sons of Messenger, and they were the first trotters of their 
time. The latter trotted 3 miles in 8:11 in 1829. The most noted 
progeniters of trotters left by Bishop’s Hambletonian were his sons 
Harris’s Hambletonian and Judson’s Hambletonian. The former 
sired Green Mountain Maid, 2:28^; Lady Shannon, 2:28^; Hero, pac- 
ing record, 2:20^, and others of less note. A son of his sired Joker, 
2:22^, and six of his daughters have produced trotters. Major Ed- 
sall, the sire of Robert MacGregor, 2:174, was out of a daughter 
of Harris’s Hambletonian, as was also Cuyler, Stillson, and other 
sires of note yet living; Judson’s Hambletonian was less distin- 
guished than Harris’s, but his blood enters into several lines, the most 
prominent being through his son Andrus’s Hambletonian, the sire of 
the trotting mare Princess, that, after meeting the best campaigners 
of her day from the Pacific to the Atlantic, made still more firm her 
rank in the records as the dam of Happy Medium, one of the greatest 
trotting sires the world has yet produced. 

Coming to Marnbrino, in a trotting sense the greatest son of Mes- 
senger, we reach the keystone of our subject, for from his loins came 
two lines, the greatest in all trotting history. One son of Marnbrino 
gave us the sterling Marnbrino Chief family of trotters; another got 
Rysdyk’s Hambletonian, far and away the greatest of all trotting 
progenitors. The latter founded a trotting family with which none 
other can compare and to which none approach, and his blood has, 
it is truly said, raised the trotting horse of America to the highest 
point of excellence.” Marnbrino Paymaster, son of Marnbrino, sired. 
Marnbrino Chief, the founder of the Marnbrino Chief family; and 
Abdallah, son of Marnbrino, sired Rysdyk’s Hambletonian. To show 
the descent of these two heads of the chief trotting families, to dem- 
onstrate their closeness in blood, and to trace them in the direct 



698 EEPOET OE THE COMMISSIOKEE OE AGEICULTTTEE. 


line to their common source the following tabulation, or "^genealog- 
ical tree/^ will suffice: 


Messenger 


i . 

brn 


Mambrmo 


Hambletonian Silvertail 


Mambrino Paymaster 

Abdallah 

I 

Mambrino Chief ' r- 


One Eye 
I 

Kent Mare 


Hambletonian 


It will be seen that, while Mambrino Chief traced directly in one 
line through his sire, Mambrino Paymaster, and his sire, Mambrino, 
to Messenger, Hambletonian was in a somewhat remote degree im- 
bred to Messenger; besides the line through Abdallah, and his sire, 
Mambrino, he traces to the head of the ‘‘tree” through his dam, the 
Kent Mare, whose dam was One Eye, daughter of Bishop’s Hamble- 
tonian, son of Messenger. The dams of Mambrino Chief and Ab- 
dallah were mares of unknown blood, and the possible influence of 
these unknown mares in giving their sons the trotting force they had 
should not be ignored. But these are merely historical considera- 
tions, not matters for practical consideration for the breeder to-day. 

Mambrino was a bay horse, foaled 1806, bred by Lewis Morris, 
Westchester County, K. Y., and was by Messenger, out of a daugh- 
ter of imported Sour Crout. He never raced and was so little valued 
that history loses trace of him for part of his career. He died in 
Dutchess County in or ahout 1831. He was a large, coarse, leggy 
horse, with well-defined trotting action. 

His son Abdallah was bred by John Treadwell, Salisbury, Long 
Island, and was foaled in 1823 by Amazonia, a trotting mare of un- 
known blood. He was an unattractive rat-tailed horse, of vicious 
temper, and was little valued at any time. So lightly was he 
thought of in Orange County, so a writer states, that he wintered 
one year, within sight of the spot where his son Hambletonian after- 
wards lived in honor, with no better sheltef than the leeward side of 
a haystack. Finally cast off, he was given to a Long Island farmer, 
who sold him to a fisherman for $35. The fisherman tried to harness 
him, but age had not subdued his ungovernable spirit and he rebelled 
with such violence that he was turned out and died of neglect and 
famine on the sandy beaches of Long Island. This was in November, 
1854. He had trotted a mile in 3:10, it is stated, as a four-year-old, 
and considering that he never was broken, that this was his natural 
gait, it must be conceded he had some gift of speed. 

Abdallah, as we have seen, got Rysdyk’s Hambletonian out of 
the Charles Kent mare, by Imported Bellfounder, a reputed Nor- 
folk trotter, and the Kent mare’s dam was One Eye, by Bishop’s 
Hambletonian, son of Messenger. Besides this greatest of trotting 
progenitors, Abdallah got three trotters with records of 2:30 or bet- 
ter ; many of his daughters produced' trotters and sires and dams of 
trotters, and others of his sons contributed in minor degrees to trot- 
ting lines. 

Hambletonian was foaled in 1849, and was that year bought, with 
his dam, by William M. Rysdyk, of Chester, Orange County, N. Y., 
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who owned him until he died. He was a bay horse of excellent 
structure, but very plain, the large head and Roman face especially 
rendering him objectionable to the eye of the lover of form. Mr. 
Rysdyk never was anxious to' show the speed of his horse, but that he 
possessed fair trotting capacity abundant evidence from many wit- 
nesses demonstrates. As a tliree-year-old he trotted in public in 
2 :48, and, considering the time and circumstances, it marked him ae 
a great natural trotter. This world-famous progenitor died March 
27, 1876. 

It calls for a large book of records to tell in detail what the Ham- 
bletonian family has accomplished on the turf. I shall only be able 
to give an idea of its triumphs in general terms and numbers. Forty 
of the sons and daughters of Rysdyk’s Hambletonian have made 
trotting records ranging from 2:17i to 2:30. One hundred and three 
sons of Rysdyk's Hambletonian have sired 494 trotters with records 
ranging from 2:08J to 2:30. Thirty-nine daughters of Hambletonian 
have produced 45 trotters with records of 2 :30 or better. His greatest 
sons are Alexander’s Abdallah, Aberdeen, Dictator, Edward Ever- 
ett^ Electioneer, George Wilkes, Happy Medium, Harold, Jay Gould, 
Masterlode, Messenger, Duroc, Middletown, Sentinel, Strathmore, 
Sweepstakes, and Volunteer. These are not only great sires, but 
most of them the heads of great subfamilies. To follow these 
several lines downward through successive generations with any 
degree of fullness would be wearisome to the reader not specially in- 
terested in speed production, and would involve an array ’of statistical 
tables not within the scope of this article. In general terms, how- 
ever, it may be stated that the Hambletonian subfamilies founded by 
Alexander’s Abdallah, Electioneer, George Wilkes, Happy Medium, 
Harold, and Volunteer are the most highly esteemed, because the 
most productive-. Alexander’s Abdallah got Goldsmith Maid, 2:14, 
the greatest of campaigning mares, and he got Almont, one of the 
greatest trotting sires of any age, and Belmont, little less noted, he 
having produced Hutwood, 2:18|, and Wedgewood, 2:19, both re- 
nowned on the turf and in the stud. George Wilkes was a king of 
the turf in his day, and to-day holds a higher rank as a trotting pro- 
genitor than any other horse, living or dead, if we except Hamble- 
tonian himself. He is the sire of more turf performers than any 
horse, and his sons evince the same speed-producing power. The 
other sons of Hambletonian just named are in varying deg'ress less 
famous, but they are all esteemed equine kings. 

Mambrino Chief, the head of the family that ranks next to that of 
Hambletonian, was foaled in Dutchess County, 1ST. Y., in 1844, and 
was got by Mambrino Paymaster, son of Mambrino, from a mare 
whose blood lines are lost in the ‘‘ mists of the West.” She produced 
also Goliah and the Livingston horse, trotters of respectable capacity, 
and whatever her blood may have been she added to that of Mam- 
brino Paymaster a quickening and fructifying element. Mambrino 
Chief was a fast trotter. ^"He was never in the hands of a trainer, 
yet he could trot in 2:32, and doubtless in the hands of a trainer could 
show 2 :20 far more easily than many of the great trotters of our own 
day.” Mambrino Chief got 6 trotters that made records of 2:30 or 
better, the most renowned being the famous Lady Thorn, 2:18^; 23 of 
his sons sired 75 trotters, and 15 of his daughters produced 19 trot- 
ters. His best sons were Woodford Mambrino, 2:21i, Clark Chief, 
and Mambrino Patchen, brother to Lady Thorn. The blood of Mam- 
brino Chief, like that of the Clays, American Stars, and, it may be 
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said, all other trotting branches, has reached its greatest triumphs 
when blended with that of Hambletonian and his sons and daughters. 

The Champions, a sterling line of less note, are also descended 
from Mambrino, son of Messenger. 

. The Clay family of trotters was founded by Andrew Jackson, a 
trotter of high class in his day. He was a son of Young Bashaw, 
son of Grand Bashaw, a Barb imported from Tripoli in 1820. Young 
Bashaw^s dam was by the race-horse First Consul, and his grandam 
was by Messenger. The dam of Andrew Jackson was a mare of un- 
known blood that, it is said, both trotted and paced. Andrew Jack- 
son was foaled 1827 at Salem, jST. Y., and died at Knightstown, Pa., 
in 1843. His most noted sons, as trotting sires, were Henry Clay 
and Long Island Black Hawk, and some of his get were creditable 
performers. From Henry Clay we have the line of sires known 
through several generations by the name of Cassius M. Clay, and 
two other sons of Henry Clay, besides the original Cassius M. Clay, 
are known as sires of trotters. Cassius M. Clay, 1st, got George 
M. Patchen, the most famous horse of the Clay line and founder of 
a valued family. 

Other noted sires of the Clay line are Cassius M. Clay (22) ; his son, 
American Clay; Harry Clay, son of Cassius M. Clay (20); the Moor, 
and his son Sultan, etc. The dam of old Henry Clay was Surrey, a 
Canadian trotting mare of unknown blood. The whole- Clay family 
has been charged with a lack of stamina, a charge unduly pressed 
and exaggerated, and some theorists imagine they find an explana- 
tion in the blood of Surrey. Be this as it may, Clay blood as an aux- 
iliary to Hambletonian strains has produced the grandest results. 

Long Island Black Hawk was a trotter and a sire of trotters of 
some merit. The best line from him is through the great Iowa horse, 
Green’s Bashaw, grandson of Long Island Black Hawk. The dam 
of Green’s Bashaw was a half-sister to Rysdyk’s Hambletonian, she 
being out of the Charles Kent mare by Bellfounder. 

The next noted family of trotters, the Black Hawks, frequently 
called Morgans, properly originated in V ermont Black Hawk, a hoirse 
whose breeding has never been satisfactorily established and is still 
seriously questioned. The generally accepted version is that he was 
got by Sherman Morgan, son of Justin Morgan, a pony -built horse 
of unknown blood, from whose loins came an excellent class of road 
horses. The descendants of Justin Morgan had the showy, tpappy 
gait, conformation, and other characteristics that find their counter- 
part in certain Canadian families, and after duly weighing all the 
facts presented as to his history, I think the most reasonable conclu- 
sion is that he was of Canadian descent. It is of little importance, 
however, as his family (excepting the Black Hawk line, if that line 
really does belong to it), the Morgan family proper, hold no rank as 
a trotting race, albeit they were good, stylish, useful horses for the 
road and every-day uses, without the qualities essential to promi- 
nence on the turf. 

Vermont Black Hawk, the true progenitor of the so-called Mor- 
gan family of trotters, was foaled in 1833, near Durham, K. H., 
and, as I have said, is represented to be by Sherman Morgan, 
out of a mare from JSTew Brunswick, Canada. Whatever his dam 
may have been, and the version just given is of questionable authen- 
ticity, she undoubtedly played the major part in giving to Black 
Hawk the degree of trotting capacity — mediocre, it is true — which he 
possessed. He was able to trot close to 2:40, and his reputed sire, if 
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witnesses speak truly, could not trot fast enough to go to mill.” 
From Black Hawk comes the Ethan Allen family, the General Knox 
family, and other less prominent lines. This trotting line reaches its 
highest plane in the family of Daniel Lambert, son of Ethan Allen. 
Daniel Lambert must be ranked little inferior as a producer of speed 
to any horse that ever lived. He is still alive, though over thirty 
years of age, and has the distinction, since the death of Happy Me- 
dium, of having to his credit more trotters with records of 2:30 or 
better than any horse now living. His family has undoubtedly suf- 
fered through injudicious crosses. Had his blood been better re- 
inforced with the Hambletonian strain, supplying certain essentials 
which in itself is lacking, grander results would have been produced. 
It is important to note that Daniel Lambert’s dam was a daughter of 
Abdallah, the sire of Rysdyk’s Hambletonian, and from this fact, 
coupled with the knowledge that he is infinitely a better horse than 
his sire, and moreover far better than any horse of his family, the 
reader can draw his oAvn conclusion as to what influence his dam ex- 
erted in making him what he is. 

The other broken and scattered groups descended from Black 
Hawk need not be noticed in detail, all being of minor importance. 

Kow I have briefly outlined the origin of the four chief trotting 
families — the Hambletonians, the Mambrino Chiefs, the Clays, and 
the Black Hawks. Of course I have left innumerable minor lines 
untouched, but I can not well complete a sketch of the principal 
elements entering into the trotting blood of to-day without touching 
upon the groups of families of pacing origin. In attempting to set 
aside and classify the families of pacing origin by themselves one 
can but approximately draw the line of demarcation, for it can not 
positively be asserted just to what extent pacing blood is intermixed 
in the foundation lines of trotting blood. We can not assert posi- 
tively that Hambletonian and Mambrino Chief did not carry pacing 
blood, for might it not have been carried in the one case through 
the unknown dam of Mambrino Chief, in the other through the un- 
known dam of Abdallah ? I do not say it is probable; I only point 
the possibility. That the Clay family had a pacing strain is pretty 
generally admitted; that the Black Hawk family carried the blood 
of the Canadian horse is strongly probable; so that in groitping the 
chief families of pacing origin together, I can not say that none other 
than these had pacing strains, but can say that the trotting strains 
now to be considered certainly proceeded from known pacing foun- 
tains. 

It is useless to discuss the origin of the pacing gait, for even as 
horses trotted and as horses galloped so horses paced at a period 
‘^Svhereof the memory of man runneth not to the contrary.” On 
the frieze of the Parthenon at Athens the hand of the sculptor left 
time-defying evidence that the pacer was known in Greece when she 
was at the zenith of her glory, four hundred years before the Christian 
era. The bronze horses of St. Marks in Venice 'were cast (probably 
about the beginning of the Christian era) in the pacing attitude. Dur- 
ing the Roman regime in Britain vee are told the ambulatara was 

perhaps the universal and traveling pace of the Romans.” Pitz 
Stephen, a monk of Canterbury, writing in the twelfth century, tells 
us that at Smithfield, then a suburb of London, on Fridays ‘Sshov/s 
were held of well-bred horses exposed for sale,” and he adds that it. 
was ‘‘pleasant to see the nags, Avith their smooth and shiny coats, 
smoothly ambling along.” In 1558, Master BlundeAulle, one of the 
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early English writers on the horse, said: ^“^Some men have a breed 
of great horses, meete for the warre and to serve in the field, others 
breed ambling horses of a mean stature, for the journey and to travel 
by the way. Some againe, a race of swift runners to run for wagers,” 
etc. In the reign of Charles II a great impetus was given to racing, 
and continual importations of Eastern blood flowed into England. The 
race-horse was forming as a breed and took the first place in the affec- 
tions of Englishmen. Before the overwhelming tides of desert blood 
the pacer gradually became extinct in England, until John Lawrence 
tells us, in 1809, that '“the people have lost all remembrance of the 
amble.” Indeed, it is the popular belief, wholly untenable, however, 
that the pacer never was known to exist in England. At the time of 
the founding of the American colonies the pacer was at least popular, 
if not esteemed patrician as in the early days; and as the horse stock 
of the colonies came chiefly from England, I think it is beyond ques- 
tion that in these importations came the ancestors of the American 
and Canadian pacer. The horses of Rhode Island, known as Narra- 
gansett pacers,” attained wide celebrity in the seventeenth century, 
and the pacer was the race-horse of the Rhode Islanders and Virgin- 
ians of the olden time. They were one of the great staple products 
of Rhode Island at that day and were largely exported. But in 
time, as the colonies grew in wealth, the pacer was scattered and 
crowded out by larger, better horses, a race more acceptably suiting 
the requirements of the people. 

The names of the families of pacing origin most frequently en- 
countered in the choice blood lines of our modern trotters are the 
Pilots, the Blue Bulls, the Columbuses, the Hiatogas, the Copper- 
Bottoms, etc. 

The originator of the Pilot family was a black pacing horse that, 
according to tradition, and tradition only, came from Canada, and 
was probably foaled about 1826. He is famous as the sire of Pilot, 
jr., a gray horse of much merit as a trotter and sire of trotters. 
The blood of his dam is unknown. He evinced the rare power to get 
trotters out of running mares, and two of his fastest and best were out 
of mares so bred. Though he sired nine trotters with records rang- 
ing from 2:24 to 2:30, and although some of his sons, notably Bayard 
and Tattler, have proved successful sires, it is through the triumphs 
of his daughters as brood-mares that he is most esteemed. Thirteen 
of these have produced twenty-six trotters with records of 2:30 or 
better, and among the produce of Pilot, jr., mares are the two fastest 
trotters yet produced — Maud S., 2:08i, and Jay-Eye-See, 2:10. 

^ The marvelous pacing horse Blue Bull is the phenomenon of trot- 
ting-horse history. A plebian of the plebians,” got by a horse on 
whom the atrocious name the family bears was bestowed as a mark 
of opprobrium, a cripple with not a line of distinguished blood to lend 
him worth, from the uses of an ignominious oflice he rose in his day, 
by sheer force of merit, to the front rank of trotting sires. This re- 
markable horse was foaled in Switzerland County, Ind., in 1854, 
and died at Rushville, that State, in 1880. He was wonderfully fast 
at the pacing gait, and even after being crippled could show great 
flights of speed. For several recent years he has figured as the sire 
of more trotters than any horse that ever lived, and it was only dur- 
ing 1887 that that honor passed from him to George Wilkes, Fifty- 
two of his get have records ranging from 2:17i to 2:30. At present, 
while we can rank Blue Bull as a very great sire of speed, I am not very 
sanguine that the future will rank him a great progenitor. His own 
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lack of breeding and the lack of breeding in tbe mares to wMch he 
was bred are against the chances of his tribe taking high rank as a 
family. Still, taking the individnal himself (although I regard him 
as a phenomenal transmitter of speed rather than as a great progenitor 
of trotters and sires o^ trotters) it must be conceded that in some re- 
spects he was the most remarkable horse of his time. In estimating 
the rank of Blue Bull as a sire, in his favor it must be remembered 
that by his own merit he forced himself, under the most untoward 
circumstances and in spite of prejudice, out of the very depths of 
obscurity into the front rank of trotting sires. Rich lineage did not 
attract to him fleet and pure-blooded matrons. He made his repu- 
tation in an out of the way country town, and he got speed with 
unsurpassed ■ uniformity upon the coldest of ''cold’' blood.. Only 
two or three of his performers are out of mares of any degree of good 
breeding, and under such circumstances he transmitted speed so well 
that for a time he had more trotters to his credit than any horse that 
ever lived. To say this of Blue Bull is full justice, and only that. 

Of the other pacing families mentioned, the Columbuses are of 
Canadian origin. The original Columbus came from a town in the 
province of Quebec " 30 or 40 miles below Montreal. ” From this same 
mysterious region came St. Lawrence, another Canadian trotting sire, 
and to the blood of that district is traced lines in many of our famous 
trotters. I should like to know the truth as to the original stock of 
that part of the province of Quebec. That there were there long ago 
horses of the true trotting gait and instinct is undeniable. 

The Hiatoga family traces to early Virginia pacing ancestry. The 
first noted horse of the line was taken to Fairfield County, Ohio, about 
1840, is known as Rice’s Hiatoga, and from him the trotting family 
of this name is descended. The Copper-Bottoms, a noted pacing fam- 
ily that figure in many trotting pedigrees, were, like the Columbuses 
and probably the Pilots, it is believed, of Canadian origin. The orig- 
inal was, according to the Trotting Register, taken from Canada to 
Kentucky in 1812. 

Another Canadian family that may or may not have been of kin- 
dred blood to those just named, but a family far superior to any other 
of Canadian origin, is that bearing the name of Royal George. The 
founder of this line was Tippo, a horse whose blood is unknown. I 
quite recently attempted to learn something further about this horse, 
but like many who have already investigated, I could ascertain little 
that is new. His son, Black Warrior, got Royal George, and from 
this line a really good trotting family has been produced. 

A tribe that has held a foremost place in turf history as a cross for 
Hambletoniaii blood v/as that of American Star, a horse that flour- 
ished previous to and in the early part of the career of Rysdyk’s Ham- 
bletonian. The pedigree of this horse is extremely doubtful, but he 
was a trotter of some merit. From great numbers of his daughters 
bred to Hambletonian a goodly number of trotters came, but the fam- 
ily lacked the capacity to transmit speed potently from generation to 
generation, and its only standing as a trotting line rests upon what 
Plambletonian accomplished upon its daughters. 

Other sources and minor branches of trotting families there are 
innumerable, but I have touched upon the chief fountains from 
which came the currents blended in the trotting breed of to-day. 
Kow, after a brief paragraph or two on the subject of the progress 
in speed made by the trotter, the historical part of my sketch will 
close, and we will conclude with remark upon the principles on 
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which the. trotter is intelligently bred, his general usefulness, and 
cognate aspects of the subject. 

The first recorded trotting performance in America was that of 
Yankee, at Harlem, JST. Y., July 6, 1806. The time of the mile was 
2:59, but the track was not a full mile. At Philadelphia, August, 
1810, a ^‘Boston horse’" trotted the mile to harness in 2:48^, but the 
next best performance I find is in 1818, and then the time is only 3 :00. 
To estimate the progress in speed made by the trotter in consequence 
of his being bred for his special purpose we must approximate his 
extreme speed at the beginning of the founding of the breed. If 
we take for granted that Yankee could trot in 3:00 in 1806, in con- 
trast with the 2:08f of Maud S in 1885, we have a difference of 
514 seconds in seventy-nine years. But it would be erroneous to 
conclude that the extreme speed capacity of the trotter of to-day is 
over 50 seconds to the mile faster than that of the trotter of eighty 
years ago. Improved tracks, appliances, amd methods have accom- 
plished much. If we could approximate just how much of the im- 
jjrovement in speed is due to the improved tracks, appliances, and 
methods, we could then give to improved blood its share of credit. 
Guarding, then, against the error of giving all the honor to supe- 
riority of blood, let us note step by step the improvement in the 
extreme speed of the trotter. 

From the performances above noted, I think it fair to approx- 
imate the extreme speed of the trotter previous to 1820 at 2:50 to the 
mile, in harness. From that date recorded performances are plenti- 
ful and furnish us a safe guide. In 1829 Topgallant went 3 miles in 
8:11, and this sustained speed at the rate of 2:43-| is certainly better 
than 1 mile in 2:40. In 1834 the black gelding Edwin Forrest went 
a mile under the saddle in 2:314; in 1839 Drover paced im 2:28. In 
1844 Lady Suffolk trotted under saddle in 2:264; in the same year 
Unknown paced to wagon in 2:23. In the next decade Flora Tem- 
Xfie trotted in 2:19|, and in the same decade the marvelous pacing 
mare Pocahontas went the mile to wagon in 2:174- The stars of the 
following decade were Dexter, 2:17f, and Lady Thorn, 2:184. In the 
next period Goldsmith Maid, 2:14; Hopeful, 2:14f; Rams, 2:134; and 
Lula, 2:14f, represented the limits of trotting speed. St. Julien 
trotted in 2:12f in 1879, but reached his limit, 2:114 the following 
year. In 1884 Jay-Eye-See astonished the world by trotting the 
mile in 2:10, but the next year Maud S., by trotting in 2:084, set a 
mark of speed in harness not since approached. The pacer Johnston, 
by doing the same task in 2:064, demonstrated that the lateral gait 
is still the fastest. 

But we have been dealing in the performances of phenomenal ani- 
mals. I will nov/, by taking the average of the five fastest perform- ' 
ances for each decade since 1820, show what may fairly be called the 
extreme speed of the trotting horse and his gradual gain in speed 
since the beginning of fast trotting: 


Averasfe extreme speed: 

1830 to 1830 2:42 

1830 to 1840 2:351 

1840 to 1850 2:S81 

1850 to 1860 2:25 

1860 to 1870 2:18| 

1870 to 1880 2:14 

1830 to 1887 .' 3:lli 


The question as to what rate of speed the trotter will ultimately 
attain has been much discussed, and some have assumed to fix the 
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limit. This is the merest speculation. A concensus of the public 
opinion of horsemen in 1860 would have fixed the limit of the trottei*"s 
speed at Flora Templets mark. When Ethan Allen, harnessed with a 
runner, went the mile in 2 :15 men thought it would never be equaled, 
and the popular opinion certainly was that no horse could do it alone. 
Only a little over twenty years ago it was timidly that Hiram Wood- 
ruff ventured the forecast that Dexter would beat Flora Temple’s 
record; but to-day a gap of eleven seconds is opened between Mora 
Temple’s record and that of Maud S., and upwards of one hundred 
and forty horses have surpassed Flora’s performances. In ^dew of 
the fact that the trotting breed is yet in its infancy, and that the 
average of extreme trotting speed is steadily advancing toward two 
minutes, I think it rather absurd that men assume to fix a limit and 
a time when progress will suddenly cease. 

At the outset I explained why I should deal pretty fully with the 
turf history of the trotter, while still considering him chiefly as a 
horse whose great value consists not wholly in turf uses, but rather 
in his adaptability to serve the requirements of the American people. 
The greater a road or park horse’s natural speed is the greater his 
value, and it is value we breed for after all. Whatever may be the 
views of the reader as to the other influences of the trotting track, he 
must admit that it has been the chief agency in bringing the Ameri- 
can light-harness horse to a point of excellence unrivaled and unap- 
proached by any other breed. The love of the turf is deeply rooted 
in America as well as in England, and I think this devotion to ‘^Hhe 
sport of kings” is greatly due to an eminently proper feeling that 
the improvement of the higher kinds of horses depends mainly upon 
turf tests. ^Ht is certain,’’ says an old English writer, ^Hhat horse- 
racing was the means of converting the old lumbering horse of this 
country into the elegant, graceful, and pre-eminently fleet animal of 
* * * the present century.” This applies as well to our beautiful 

trotting-bred horse of to-day. The true horseman deplores every- 
thing that tends to degrade the turf more sincerely and deeply than 
do the Pharisees, who ignorantly rail against the horse and the test 
instead of against the men who practice abuses. Excessive betting, 
and indeed gambling, are undeniably practiced on the turf, but men 
bet on all affairs of doubtful issue as well. Shall we therefore silence 
the public voice lest wagers be made on what the verdict of the ballot- 
box may be? It is absurd to demand that an honorable public amuse- 
ment, serving as well the production in higher form and value of a 
great staple of our commerce be abandoned because unworthy men 
participate therein. Prime essentials of horses in their highest form 
are speed and endurance, and how can their speed and endurance be 
adequately tested except by putting them in contest? The farmer 
who breeds a beef cow, or the coarser varieties of horses for more 
menial service than between the carriage shafts, contests for pre- 
miums with his neighbor at the county fair. Shall his brother who 
breeds for the speed that is essential to his chosen horse be tabooed 
for likewise seeking the honor of a premium in his class — certificate 
of the triumph of his endeavor to produce an animal of special ex- 
cellence? But argument on this pomt is superfluous, for every per- 
son of entelligence recognizes the use, and indeed the absolute neces- 
sity, of the track test. Without it our high type of fleet and beauti- 
ful horses of great price would degenerate into as luggish, lumbering 
spiritless tribe of little worth. 

AG 87 43 
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The value of the trotting-bred horse has been constantly on the in- 
crease, until now the breeding business is a vast interest to which 
unlimited capital is devoted. That the trotter should be in America 
a more valued breed that his brother aristocrat, the thoroughbred, 
is natural. If the thoroughbred 'race -horse fails to develop the 
speed, stamina, and disposition necessary to success on the turf he 
iri almost worthless. He is a good racing machine or he is nothing. 
But on the other hand the trotter, even if he lacks the capacities 
essential to success on the turf, is still, if bred wisely, valuable. 
For the family carriage, for the park, for the road, for the farm, his 
versatile gifts make him profltame even though he fails on the turf. 
When I speak, therefore, of the trotter the reader will remember 
that I refer not always to a racing animal, but to a light-harness 
horse, that is only produced in the best form when trotting-bred. 

Very seldom has a better test of the relative value of trotting and 
running (or thoroughbred) horses been offered than in October, 1886, 
when two great breeding studs, one of thoroughbred, the other of 
trotting horses, were dispersed under the hammer. At Louisville, 
Ky., the late John P. McFerran had founded and established the 
Glenview stud, which rose to the front rank of nurseries of trot- 
ters.” At Jobstown, N. J., Mr. Pierre Lorillard’s Rancooas stud of 
thoroughbreds, the choicest in the land, was situated. Dispersal 
sales were held of these famous collections within a few days of 
each other, and the following averages were realized: * 


RANCOCAS THOEOUGUBEEDS. 


Average for stallions 

Average for brood-mares ^ 

Grand aver».gG for stallions and brood-mares 


$6, 390. 00 
1,422.27 


1*7^1.62 


GLENVIEW TEOTTEES. 

Average for stallions ^ 

Average for brood-mares .......... 

(ji’^ixd average for stalbons and brood -inares. ....t....... 


12,780.00 

1,678.00 


2, 2B8, 75 


These prices, it must be remembered, represent the values, as de- 
terminetiby the public in 1886, of the most fashionable blood, and 
of course eitiier of trotters or thoroughbreds only those bred in lines 
of blood renowned on the turf -would realise prices approximating 
tlxc SC 

The very first question confronting the practical man contemplate 
ing a profitable business in horse-breediug is, ^^What fe the most 
profitable horse to breed I think the most profitable horse for 
any man to breed is the one he understands the best. But to the 
breeder that is not an expert in any particular branch, beyond doubt 
the most profitable class of horses are those salable for roadsters, for 
city and general driving. This is the horse that most eminently fits 
the title ‘^night-harness horse.” He should be large, say about 
16 hands high, with substance, fair speed, good disposition, and 
beauty. The horse to possess all these qualities combined iii one 
valued whole is produced from trotting blood. If we are not breed- 
ing especially for speed we need not of course particularly select 
the most fashionable blood. In almost any trotting-bred animal 
sufficient speed for the purpose will be found. The selection should 
be directed chiefly to securing size^ style, docility, form^ and qual- 
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ity. Still, it is well not to forget that the rule is, the better the blood 
the better the horse, and the better the pedigree the more money 
your horse will bring in the market. To breed this class of horses 
does not call for large expenditures. In almost every county in the 
land can be found some trotting-bred stallion of good size and indi- 
viduality, available at a moderate fee. Mares suitable to produce 
the horse we are discussing can be secured at prices not above their 
intrinsic value; if he breeds a sound, handsome, trotting-bred mare 
to a stallion of equal qualifications there is hardly a possibility that, 
intelligently managed, the transaction will not result profitably to 
the average American farmer. Though the time may come when 
ultra-fashionable trotting blood will not sell for the seemingly fabu- 
lous prices of to-day, there is not the slightest doubt that a fine- 
blooded driving liorse of size and beauty will always sell at a price 
making his production profitable. To the general farmer and small 
breeder, then, I would say, breed the horse that is the surest always 
to bring a paying price, for then you reduce the risk of loss to the 
minimum ; then the profit is most sure, depending upon the intrinsic 
worth of the animal rather than upon the shifting fashions in blood, 
or the uncertain chances of distinction on the turf. You are breed- 
ing for business, not for spoit. Select a sire of sufficient size and 
solid, good color, with trotting action of a high order, well-bred, 
handsome, and stylish in the family carriage; fast enough for the 
road; strong enough for all purposes of the farm; with the right 
kindly disposition for all the purposes of a family horse, and with 
nerve and speed enough for all the purposes of the gentleman driver. 
Now, get a mare approximating this standard, and you are in a position 
to breed the most valuable, the most useful, and the most profitable 
horse that exists. He will draw the plow, or haul a load to market, 
or perform any task better, infinitely better, than a heavy, sluggish 
animal. Then put him in the family carriage and he will challenge 
the admiration of all who see him floating along in the pride of his 
beauty. There is satisfaction, enjoyment, and profit in this horse, 
for he is elegant, beautiful, and useful in all places. Such horses 
are always in demand and always salable at a remunerative price in 
keeping with the form, size, style, speed, and breeding of the indi- 
vidual. Beauty, size, and style are the first considerations in breed- 
ing this peerless carriage horse. No matter what the speed or pedi- 
gree of a stallion may be, if he has not good size and substance, and 
does not carry himself magnificently and stylishly, he will not do to 
breed the ideal carriage horse from. Breeders who can afibrd to 
breed for speed alone may patronize fast but undersized stallions, 
but a small breeder can not afford to do it; and, indeed, I doubt if 
any one can afford to do it. If a small horse is a phenomenal trotter 
he is worth something; if his speed is only that of an average horse 
he is a ^Hosing speculation.'^ 

See that you get size ranging from 15.3 to 16.2 hands and weighs 
from 1,100 to 1,250 pounds. The most xmofitable horse is within these 
bounds. The favorite color is solid bay with black points, and lofty 
carriage and elastic gait are essential. The cojiformation of the 
highest type of the trotter is the best, with clean limbs, fine coat, and 
the general characteristics of good breeding. 

It is strange, yet true, that some misguided but generally very esti- 
mable people look upon speed (and necessarily good breeding) as un- 
desirable in a horse. . If a liorse can do anything else well, does it 
not add to his value to have the ability to draw the carriage fast ? 
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One to sell for I’oad purposes for $500 to $1,000 must liave a fair de- 
gree of speed, and to have a fair degree of speed lie must have a fair 
degree of breeding. So that, while being careful to secure first the 
size, style, and beauty, the better bred your horse is, the more pure 
trotting blood you get in him, the better. This may be accepted as 
an important truth in regard to breeding this grand type of horse: 
After the requisite size and style is secured, the better the trotting 
blood the greater the value of the horse. But while having due re- 
gard to speed, size and beauty must be first aims, and they should 
not be sax3rificed to any other consideration. Other things being 
equal, the fastest and best-bred carriage horse is of course the most 
valuable, so that the vhse breeder will seek, while keeping up the 
physical standard, to strengthen the trotting inheritance and im- 
prove the blood. It is still always well to remember that the men 
v/ho make money breeding trotters are they who aim first and con- 
stantly to breed trotters, and he who would succeed in breeding car- 
riage and park horses will aim first and constantly to breed carriage 
and park horses. Have a purpose in breeding, and breed true to that 
purpose. 

Breed a mare that approaches your ideal of what the horse you 
seek to produce should be to a stallion the nearest to that ideal. 
Breed to a horse of size, substance, and beauty, whose progeny dem- 
onstrate that he gets size, substance, and beauty uniformly, and that 
they are characte3ristic of his blood. Breed to a horse that is above 
the suspicion of unsoundness in any particular. Breed to a horse of 
good action and good speed, whose colts are pure and positive in 
their gait, and breed to the horse that with all these qualities com- 
bines a strong trotting inlieritance, and you can not fail to produce 
horses that will command remunerative prices for the park and the 
road and be a source of pleasure and profit in whatever sphere they 
are used. 

Although it has often resulted profitably, I do not conceive it to be 
wise or judicious for the ordinary farmer or small breeder to embark 
in the business of producing horses purely for turf purposes. But if 
he aims to produce a turf horse, and still, in accordance with the 
courses advocated above, protects himself by so selecting breeding 
stock that the offspring will, whether with speed sufficient for the turf 
or not, still pay more than the cost of the production, he is certainly 
not increasing the risks any, and certainly is increasing the chances 
of very large ]3rofits. This involves grading up to the most fashion- 
able trotting blood, while preserving great excellence of structure, 
which should be an aim with every breeder, great or small, pur- 
sued with an energy and enterprise shaped to his circumstances. 

To produce a horse vhth the special capacity of turf fitness calls 
for a knowledge of the principles of breeding, an acquaintance with 
blood lines and their characteristics, and a familiarity with the 
qualifications necessary in turf horses, their production, and devel- 
opment, which few men have the opportunity of acquiring. Breed- 
ing for trotting speed is a special and it may be said professional 
line of animal production, and unless a breeder be a very close 
student of the subject, with a thorough mastery of the records and 
of all theories and practices of breeding, it will be wise for him to 
leave the production of horses the profit in which depends on their 
fitness for the turf to those whose special business it is, and who are 
specially equipped for it. The fortunes of the turf are, at best, un- 
certain. 
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Every breeder of domestic animals should feel an obligation to 
himself to master the cardinal principles underlying reproduction 
of desired qualifications in stock, and in conclusion a brief rdsum^ 
of these central principles seems in order. I do not propose to deal 
minutely with the complexities of the subject or to discuss theories, 
unless a plain statement of certain principles of natural law may 
seem to combat or support certain theories of breeding. He who 
would arrive at sound conclusions on this or any subject should dis- 
miss prejudices and preconceived opinions and follow the truth, 
no matter to where it leads. 

Perhaps the most direct declaration of the true principles of scien- 
tific breeding is to say that they are comprised \vholly in the law of 
heredity, and that just so far as any theory agrees with this uni- 
versal law it is right; but at the point where any theory conflicts 
with a known principle of heredity, there does it leave the realm 
of reason and truth and rest itself in error. Horses, as well as 
men, are what they inherit, or rather, I should say, the creatures of 
inherited characteristics and instincts. In the blood of every being 
is represented the distinctive qualities of both its parents, and through 
them his four grand parents, eight great-grand parents, and so on 
until, if we go back five generations, we find he has a line of in- 
heritance to thirty-two distinct sources. In this being, the charac- 
teristics of one ancestor may dominate; in his full brother the pecu- 
liarities of another in the line of inheritance may rule. And so if we 
investigate we find that every peculiarity, every virtue, every vice, 
every talent, every weakness noticeable in the living subject of to-day 
had its counterpart in some degree, if not in the immediate parents, 
in some ancestor more or less remote. This truth we express in the 
oft-quoted maxim : Like produces like or the likeness of some ancestor. 

It is, then, patent to the mind that the more diverse the inherited 
capacities of the parents are the less certainly cai^we foretell what 
special qualities will be most conspicuous in the offspring. If one 
special characteristic was noticeable in the parents, the grand parents, 
and the great-grand parents, the offspring is infinitely more certain 
to have that special characteristic in a highly developed form than if 
some of the ancestors were remarkable for an antagonistic character- 
istic. It is by the light of this laAv which gives uniform results in 
exact proportion to the strength and harmony of the inheritance that 
we must be guided in breeding, and if we are to succeed this truth 
must be the foundation on which we build. 

Scientific breeding consists in throwing the strength of all the in- 
herited tendencies into one channel, concentrating all the ruling 
forces on one objective point, and thus aiming at a certain result. 
If the jjurpose be to get a draft horse, it then behooves us to mate 
a sire and dam of draft blood that have themselves shown their 
capability at a draft horse’s work. If we want a running horse, 
reason tells us to go to a running-bred stallion with a running-bred 
mare, and both the stallion and mare should be animals that have 
demonstrated their ability to run fast. If either had a trotting- 
bred sire or dam or a trotting-bred grandsire or grandam , our chances 
of getting a phenomenal runner are much diminished, for then the' 
inheritance is not unbroken — it is divided. And the same reason 
that tells us to get a draft horse or .a running horse does not desert 
us in breeding the trotter. We should couple a sire or dam of 
trotting inheritance and that are themselves trotters, and we must 
judge of the merits of the prospective colt according to the trotting 
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merits of the sire and dam, the grandsire and grandam, and so on 
backward, onr chances being in proportion to the strength and unity 
of the inheritance. If we find trotting and trotting-bred ancestors 
for four or five generations backward, we can expect success in a 
measure corresponding to the trotting merits of these ancestors, and 
especially the immediate ones, and the nearer we find a blood line 
broken by the infiux of a current calculated to neutralize the trot- 
ting instinct, the greater is the danger of our colt developing ten- 
dencies averse to the steady, fast trot. 

All the varying types of animals of the same species are descend- 
ants of common ancestors. The clumsy, lumbering cart-horse and 
the fleet and beautiful racer have come to us from a common source. 
The difference from the original type, or rather the evolution of 
many types from one, are the result to effect which many and com- 
plex causes w^ere contributive. The same variety of animals sub- 
jected to different environments, conditions, and uses will through 
time so change in cliaractoristics that the unthinking would question 
that they sprang from a common parentage. 

A radical divergence from an original type can be effected, and, 
indeed, a variety created, we might say, by developing a special 
acquired characteristic by exercise and use, and by breeding for fhe 
perpetuation and rer>roduction of that special characteristic. When 
racing began in England horses weir^ trained and used for the race 
and then selected to breed for their racing capacity. Thus through 
a long series of generations the English evolved from the coarse na- 
tive stock and the Arab a horse essentially different from either, 
and vastly superior to either in the special use for which the variety 
is bred — the capacity to race at the gallop. The evolution of the 
trotting breed, yet in its infancy, proceeds on the same principle. 

The offspring of the first pair in which a special habit was devel- 
oped would, as a rule, excel at that habit more readily than either 
of their pa: ents. But as reversion to more or less remote ancestors 
is a principle in inheritance, the offspring of this pair niight inherit 
strongly the characteristics of their grand parents, in which the 
special habit for which the breeder is striving has not been acqnired. 
Hence, early after grafting a quality in the blood the transmission of 
that quality is very uncertain. The chances of reversion to grand 
parents are much less than to parents; to great-grand parents mnch 
less than to grand jjarents, and so on. The risk of reproducing an 
undesirable quality of an ancestor is lessened as we breed away from 
that ancestor. On the other hand, by developing an acquired habit 
in every generation and selecting aiid mating parents possessing 
that habit or qualification in the highest degree, wm gradually fix it 
as a matter of inheritance and instinct, and in each generation, as 
we proceed, the certainty of success in reproducing the desired qual- 
ification becomes greater and the risk of failure less. If, then, every 
ancestor for all near (say five or six) generations were trotters on*r 
chances of producing a trotter are very great, but if some of the 
ancestors were not trotters or trotting bred a reversion to them^ is 
possible. The danger of failure to produce the quality we desire in- 
creases jnst in proportion to the number and contiguity of the an- 
cestors not possessing that quality in the inheritance. ^‘Heredity 
transmits with certainty only what becomes a fixed characteristic 
in the race.’’ 

The influence of selection in breeding can hardly be overrated, 
and the breeder who is wise will never forget that the dam is at 
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least as important as the sire. Selection/^ says Yonatt, enables 
the agriculturist not only to modify the character of his stock but 
CO change it altogether. It is the magician’s wand by means of 
which he may summon Into life whatever form and mold he 
pleases.” Darwin, in his Origin of Species, says cogently: ^‘We 
can not suppose that all the breeds were suddenly produced as per- 
fect and as useful as we now se e them; indeed, in many cases we 
know that this has not been their history. The key is man’s power 
of accumulative selection; nature gives successive variations; man 
adds them up in certain directions useful to him. In this sense he 
may be said bo have made himself useful breeds.” How important, 
then, it is to make our selections accumulative; to at every cross 
accumulate an additional inheritance of the quality we seek to repro- 
duce. 

That acquired habits or capacities are strengthened by develop- 
ment and use is undeniable; and equally undeniable is it that by 
disuse acquired habits and capacities are lost. Darwin declares that 
^^as modifications arise from and are increased by use or liibit and 
are diminished or lost by disuse, so I do not doubt it has been the 
instincts. ” A very striking exemplification of the truth of this prop- 
osition is furnished in the history of American horse breeding. 
The case is so directly to the point, and so interesting, that I here 
transcribe the account as published years ago: 

In Abberille district, South Carolina, in the last century, Mr. Richard A.Rapley 
was a large breeder of thoroughbred horses. He was an Enghshman, and brought 
over a number of the most fashionably bred stallions and mares that could be found 
in Great Britain. His taste and fancy led him to prefer the race-horse for all pur- 
poses of life on his estate, but he never trained or raced any of them. Believing 
in blood as he did, he was scrupulously careful in all the crosses he made ; 
^nd thus he had a great herd of pure-bred animals that had never seen a race 
course. He kept up his fancy for many years and through several generations of 
horses. At last the attention of racing men was called to this elegant stud of pure- 
bred animals, and numbers of them were selected and tried ; but with all their purity 
of lineage and superior elegance of form they were found not to be race-horses. 
The inheritance of speed had been neglected till it was lost for want of use of it, 

* To sum tip, the following propositions may be accepted without 
qualification as principles that govern the transmission and reproduc- 
tion of special qualities in all the animal world: (1) Acquired habits 
and instincts are transmissible and become hereditary. Therefore 
(2) habits of action may be created and established by training and 
use, and these habits become an hereditary instinct in the descend- 
ants of the animals in which they were established. (3) This heredit- 
ary instinct is increased, intemsified, and strengthened by develop- 
ment, and is therefore transmitted by developed animals in an 
increased and intensified degree. (4) On the other hand, by non- 
development and disuse the instinct becomes weakened, and finally, 
in a series of generations, is lost. 

I need not point the application of these principles in the business 
of breeding trotters. Their essence is, breed the trotter from parents 
that are trotters individually and trotters in inheritance. 

Many superficial wuiters on the horse, trotter or runner, treat him 
simply as a machine, and forget that he has a mental organization. 
That the disposition to trot fast and the disposition to run fast are just 
as much hereditary instincts as is the disposition of the pointer dog to 
point no intelligent, thinking man will deny. I do not for a moment 
underrate the duty to be performed by the physical organization; but 
just as the muscles governing the fingers, the wrist, and the arm of the 
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writer obey bis will in tracing the letters o£ a word, so do tbe mus- 
cles of a horse controlling the use of his limbs obey his will, ileiice 
speed of any certain order is primarily a mental quality — an instinct. 
The phrsical structure is the machine, the will the motive power, 
and each is a mutual necessity. The trotting horse that can trot the 
fastest and the farthest is the one that has the strongest trotting in- 
stinct combined with the most perfect physical organization. While 
without the physical ability the instinct will not enable the horse to 
perform, neither will the most perfect form and structui^e make a 
trotter without the instinct to trot. The idea, then, that an animal 
of a certain form, with no trotting inheritance, is desirable to breed 
from for trotting speed is clearly fallacious, and he who advances it 
must forget the supremacy of the mental over the physical organi- 
zation. 

Notwithstanding this, it is no less the duty of the hour to breed 
for high form and form. I think in the constant striving after 
speed alone the essentials of form, size, and finish are being griev- 
ously o’sferlooked. They may perhaps be overlooked without ruinous 
consequences to the breeder of turf horses, but he who would breed f or- 
the more solid purposes of every-day use and to meet an every-day 
market can not overlook them and succeed. 

I have not set down these fundamental principles of breeding with 
the purpose of touching any but the great central truths with which 
no successful breeder can be unfamiliar, I have in this article merely 
sought to mark, by tracing his history and pointing his fitness for 
the every-day uses of the American people, the place the trottihg- 
bred horse holds in the equine world, and the claims he has on the 
regard of the people of the nation. I am convinced that the Ameri- 
can horse is the best type of the equine race, the most practical and 
the most valued. His importance to our commerce, the wide range 
of uses he serves so well, and his peculiar excellence and beauty in 
the places which no other type can fill are reasons sufficient that the 
American light-harness horse and the intelligent methods of his 
production should hold a foremost place in the business of the agri- 
cultural classes of the nation. 
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Bobolink, 431. 

Bodio, Luigui, Rome, Italy, acknowledgment of services of, 603. ^ 

Bogus Chinch Bugs, 83. 

Borax, its use as a preservative, 196. 

Botanist, report of, 301-321. 

Botany, Division of, work of, 26. 

Brazil nut, tree of, 677. 

Brewing, the process of, 185-186. 

Bruner, L,, report on the season’s observation in Nebraska, 164. 
work in 1887, 50. 

Buckwheat, acreage, product, and value, 1886, by States, 558. 
price per bushel, 1886, by States, 561. 
yield per acre, 1886, by States, 561. 

Buffalo gnat, investigation, 49. 

Bureau of Animal Industry, clerical work of, 481. 

operations of, 457. 
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Bureau of Animal Industry, report of Chief of, 457-532. 

work of, 13. 

Burning as a remedy for Chinch Bug, 77, 78. 

Butterine and oleomargarine, 619. 


C. 

Cabbage Aphis, 146. 

insects in Nebraska, 168. 

Cactus, 303. 

as food for stock, 383, 284. 

Calathus gregarius destroying eggs of Dorypliora, lol. 

Camphor, how obtained, 678. 

Canary seed, production of, 679. 

Cane, coal consumed in working, at Lawrence, La., 365, 356. 
experiments at Lawrence, La. , 354-267. 
juice filtration, report on, by W. J. Thompson, 268-281. 
quantity of juice from each cell at Lawrence, La. , 264. 
sugar, inversion of, 315. 

Canker-worms, 110. 

Carrot, wild, 309. 

Catalina, leaf -spot disease of, 364, 335. 

Cattle, influence of special breeds, on the niilk of, 618. 

number and value, 1886, by States^ 567. 

Oerotoma caminea injuring bean and cow-pea, 153. 

Chemical Division, miscellaneous work of, 390-399. 

personal work in, should be discouraged, 183, 
proper work of, 183. 

Chemical work on Sorghum sugar at Rio Qrande, N. J., 350. 
Chemistry, Division of, work of, 35. 

Chemist’s report, classification of subjects, 181. 

Cherry, leaf rust of, 353. 

Chickadee feeding on Codling Moth, 94. 

Chicle gum, tree producing, 677. 

Chinch Bug, article by L. O. Howard, 48-80. 
bibliography, 84. 
food-plants, 57, 166. 
in Nebraska in 1887, 50, 165. 
preventives and remedies, 75, 77, 166. 

Chondrilla juncea, 308. 

Cider, adulteration of, 212. 
composition of, 312. 
examination of the samples of, 313. 
here and abroad, 310. 
manufacture of, 310, 211. 

Ciders, beers, and wines, composition of, 1S3. 

Clarifying, storing, and preserving beer, 187. 

Cloudy beer, 197. 

Glover, Alsike, 304. 

mammoth, 305. 

Coccidce, gas treatment for, 133. 

(Cochineal, description of, 674. 

Coco or nut-grass, 309. 

Codling Moth, article by L. O. Howard, 88-114. 

experiment on, 147. 
in Nebraska, 168. 

Coffee, cultivation of. 675, 681. 

Colorado Potato-beetle destroyed by Calathus gregarius, 151. 
Commissioner’s letter relative to the Swenson patent, 243-346. 

preliminary report, 7^7. 

Consumption and distribution of corn, March 1, 1883, to 1888, 533, 
per capita of wheat, 538. 

Cook, Prof. A. J., arsenical remedies for Coddling Moth, 103. 
CoQUiLLETT, D, W., report on gas treatment for Scale-insects, 133. 
Corn, acreage, product, and value, by States, 1887, 531. 

1880 to 1887, 530. 

1886, by States, 557. 

Aphis, 68. 

Bill-bug in Indiana, 149. 
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Corn, export price, 1878 to 1887, 536. 

insects; report by F. M. Webster, 147. 

Plant-louse, effect of fertilizers, 149. 

observations on, 148. 
price per bushel, 1886, by States, 560. 
product and consumption to March 1, 1883 to 1888, 532. 
export 1849 to 1886, 531. 

-proportion and value unmerchantable, 1887, by States, 535. 

unmerchantable, 1883 to 1887, 534. 
rust, 389-391. 
smut of Indian, 880-389. 

value per bushel in principal States, 1876 to 1887, 536. 

_ yield per acre, 1886, by States, 560. 

Corticaria pumila feeding on corn, 151. 

Cotton, acreage, 1886 and 1887, by States, 545, 

product and value, 1886, by States, 560. 

Leaf blight, 355, 356. 

price per pound, 1886, by States, 561. 

product and export, 1841 to 1887, 546. 

Worm, 95. 

yield per acre, 1886, by States, 561. 

Cottony Cushion-scale, 124. 

Cowbird, 430. 

COWGILL, E. B., report of, 223, 226. 

Cows, number and value, 1886, by States, 567. 

Craigie, Patrick George, London, England, acknowledgment of services of, 603 
Cranberry, the, 646. 

Craw, Alexander, experiments with gases, 124. 

Crepidodera helxines injuring poplar and wnllow, 162. 

Crop estimates for 1886, by States, 550. 

statistics, 1887, 524. 

Crowfoot, cursed, 307. 

Cuckoos feeding on Walnut caterpillar, 169. 

Culver fumigator, 129. 
tent, 133. 

Cummin’s blower, 133. 

Cushman, E. H., experiments with arsenical poisons for Codling Moth, 110. 

Cut- worms, experiment, 147. 


D. 


Dairy Division, work of, 41. 

products, analyses of, 293, 294, 

Dasylirion, 282. 

Date, the, 646, 

Daucus carota^ 309. 

Defecating Sorghum juice, 233. 

Defecation of Sorghum juice, experiments with, 215. 
Diabrotica 12-punctata, 148, 150, 152. 

Diachus auratus on Red Clover, 163. 

Diffusion and milling, comparative yields of, 261, 263. 
at Lawrence, La., 256-261. 
juice, characteristics of, 161. 

Dimmock, Dr. Geo. , experiments with gases on insects, 125. 
Diseases of animals, scientific investigation of, 480. 
Distribution of wheat, 1880 to 1886, 539. 

Ditching as a remedy for Chinch Bug, 7fl 
Dodge, J. R., injury by Chinch Bug in 1887, 55. 

Statistician, report of, 523. 

Downy mildew, injury from, in different States, 324. 

E. 


Entomological Division, work of, 16. 
Entomologist, report of, 48-179. 
Erinose, 391-393. 

Eucalyptus tree, 689. 

Experiment stations, reports from, 657. 
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Experiment stations for testing and distributing seed, 35. 
Experiments against Scale-insects, 143. 

index to, 142. 
at Lawrence, La., on cane, 254-267. 
in crystallizing Sorghum sugars, 213, 216, 234, 250. 
Xwisoning birds, 4-23-426. 

Explanation of plates for Division of Entomology, 178. 

for Yegetable Pathoiogy, 323-397. 
Exportation of corn, 1849 to 1888, 531. 

Exports, agricultural, from cro]^3 of 1886, 574. 
of hog products, 1861 to 1887, 567. 

products, domestic agriculture, 1886 and 1881', 
wheat for India, 1868 to 18S7, 513. 


0 m. 


F. 


False Chinch Bug, 54, 83, 162. 

Farmers, share contracts, 1888, 585. 

tenure of, 583. 

Farm labor, wages of, 579. 

Fermentation of malt, methods of , 187. 

Fertilizers, analyses of, 291-293. 

Fibers, investigation of, 618. 

Field observations and experiments, 333. 

Filtration of cane juice b}^ different media, 268-281. 

Flax, crop of 1887, 547. 

seed, importation of , 1878 to 1887, 550. 

product, 1879 and 1887, by States, 548. 
receipts and shipments in Western markets, 549, 

Flea-beetles injuring corn, 150. 

like Negro-bug, 84. 

Flesh-fly, experiment, 147. 

Fluted Scale experiments, 49. 

Folding-room, works distributed, 45. 

Pood of Hawks and Owls, 40,2-422. 

products, examination of, 297-300. 

investigation of, 282-290. 

Forage plants, new varieties, 301. 

Forbes, Prof. S. A. , experiments with arsenical poisons for Codling Moth, 104. 

on diseases of Chinch Bug, 70. 

Forestry Division, report of, 605-616. 

work of, 36. 

question, first duty of the Government in regard to, 606. 
system of investigations of, 614, 615. 

Forest-tree insects in Nebraska, 168. 

Fort Scott factory, work at, 230. 

summary of work done, 221. 

Foville, Alfred de, Paris, France, ackowledgment of services of, 603. 
Freight rates, transatlantic, 596. 

Fumigators, 127, 128, 129, 133. 

Fungi, collection of specimens and microscopical preparations, 323. 

Fungus diseases of the Chinch Bug, 70. 


G. 

Game laws regarding the common quail, 67. 

Gardens and Grounds, report of Superintendent of, 673-690. 

work of Division of, 30. 

Gas, Dr. Dimmock’s experiments with, 125. 
generator, 132. 

McMullen tent, 126. 

Wolf skill fumigator, 127. 

Gases, experiment for Scale-insects, 134. 

GiFFEN, Robert, London, England, acknowledgments of services of, 603. 
Ginseng, cultivation of, 685. 

Goff, E. S., experiment with Paris green for Codling Moth, 106. 
Gooseberry, powdery mildew of, 873-380. 
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Gophers, description of, 437-439 ; 448-450 ; 454-456. 

Grackle, purple, 430. 

Grains, India, varieties of, 686. 

Grape, 632. 

and wine production, 41. 

Grape culture, 651, 652. 
fruit, 642. 

leaf-spot disease, 326. 
rot, protection from, 682. 
varieties of, 633, 634. 

Grapes, time for pruning, 683. 

Grasses of the and districts of the West and Southwest, 301. 
Grasshoppers in Nebraska, 167. 

Greasy Cut- worm attacking corn, 150. 

Gull, Franklin’s, 431. 

H. 


Hawks and O wls, food of, 402-422. 

Hay, acreage, product, and value, 1886, by States, 559. 

price per ton, 1886, by States, yield per acre, 1886, by States, 561. 

Heat, experiment for Scale-insects, 124, 

Hog cholera, investigations on the nature and prevention of , 481-491. 
length of time virus of, remains alive in soil, 488. 
lime as a disinfectant in, 489. 

Hog products, exports of, 567. 

Hogs, number and value, 1888, by States, 567. 

Hop Aphis, investigation, 48. 

Hops, substitutes for, in making beer, 192. 

Horse-chestnut trees, nuts of, 686. 

Qrloff, origin of, 693. 
pacing, origin of, 702. 
scientific breeding of, 706-712. 
the national, of America, 691-712. 
trotting, origin of, 694. 

Horses, number and value, 1888, by States, 566. 

House Fly, experiment, 147. 

Howard, L. O., article on Chinch Bug, 51. 

Codling Moth, 88. 

Hughes, H. A., report of, 246. 

Hydrocyanic acid gas, 49, 124, 129-132, 134, 138, 

Hypericum perforatum, 308. 

I. 

Illustrations, Department, 41. 

Imports of agricultural products, 1886 and 1887, 577. 

India, exports of wheat from, 1868 to 1887, 573. 

wheat acreage by provinces, 1878-’79 to 1886-’87, 572. 
crops of, 1883-’84 to 1886-’87, 572. 
growing in, 571. 

Indigo, culture and preparation of, 687. 

Inma-Sternigg. Dr. Thedor von, Vienna, Austria, acknowledgment of services of, 
603. 

Insidious Flower Bug, 84. 

International Statistical Institute, meeting at Rome, 1886, 589. 

Investigation as to the condition of the animal industry, 480. 
of food products, 297-300. 

reported diseases of cattle, 478. 

Investigations of hog cholera, 481-491. 

on the etiology of swine plague, 491-505. 

Irrigation, future work on, 44. 

J. 


Japan Persimmon, 312-645. 


K. 

Kaki, the, 642. 

Kerosene emulsion and arsenic for Scale-insects, 143, 145. 

Koebele, Albert, report on experiments against Scale-insects, 148. 

work in 1887, 50. 
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Laboratory building recommended, 42. 

Labor, comparative supply of farm, 1888, 582. 
wages of farm, 579. 

by States, 1869 to 1888, 580, 

Land, treatment of, after exhaustion, 674. 

Lard examination, 622. 

Lawn making, method of, 676. 

Leaf rust of the Cherry, Peach, Plum, etc., 353-355o 
spot disease of the Catalj)a, 364, 365. 

Le Conte pear, particulai’S of growtli of; 676. 

Library of the Department, 43. 

^ Licorice, culture of, 682. 

Lignite, examination of, 294, 295. 

experiment with, in filtering juices, 268-281, 
use of, in making sugar, 263, 

Lime wash for trees, 684. 

Live stock, numbers and values, January 1, 1888, 563, 
value per head, 1879 to 1888, 565. 

Locusts in Nebraska, 161*. 

Lotus plant, description of, 676. 

Lutz, Chas. E., observation® on Galathus gregarius, 152. 

M. 

Macleod, Leslie, E., on the National Horse of America, 691-712, 
Mahogany tree, so-called, 674. 

Mahwah tree, sugar from, 689. 

Mating, the operation of, 186. 

Malt liquors, 183. 

composition of, 188. 
varieties of, 188. 

methods of fermentation of, 187. 
substitutes for, 192. 

Mammals, description of, 431-450. 

McLain, N. W., report on experiment in apiculture, 170. 
Medicinal plants, 310. 

Microscopist, report of, 617-625. 

Microscopy, work of, Division of, 38. 

Milk, domestic transportation rates on, 598. 

foreign transportation rates on, 508* 

Milkweed, common, 307. 

Minerals, analyses of, 290, 291. 

Miraglia, N. , Rome, Italy, acknowledgment of services of, 603. 
Mules, number and value* 1888, by States, 566, 

Musca domestica, 147. 

Mustard, culture of, 681. . 

ATyochrous denticollis injuring corn, 150. 


N. 

National horse of America, definition of, 691. 

Nebraska, insects injurious in, in 1887, 164. 

Nettle fiber, culture, etc. , 688. 

Neumann-Spallart, Dr. Franz Xavier von, Vienna, Austria^ ackiiov^^ledgment of 
services of, 603. 

Nopal or Cactus, 303. 

Nut trees, propagating, 647. 


Oats, acreage, product, and value, 1880 to 1887, 544. 

1886, by States, 558. 

1887, by States, 544, 
price per bushel, 1886, by States, 560. 

yield per acre, 1886, by States, 660. 
Oleomargarine and butter ine, 619, 

Olive, the, 645. 
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Onderdonk, G. , report on fruit culture in the Southwest, 648. 

OyiohrycMs sativa, 801, 303, 804. 

Opium poppy, of its culture in this clim.ate, 678. 

Opuntia, 282. 

analyses of, 287, 283, 289. 
engelmanni, 303. 

Orange, 687. 

Bahia, influence of the pollen of, 078, 070. 

, Osage, method of destroying, 090. 

varieties of, 638-641. 

Oranges, navel, nomenclature of, G88. 
seedling, 687. 

Ornithologist, report of, 399-456. 

Ornithology, work of Division of, 31. 

Osborn, Prof. H. , experiments in burning for Chinch Bug, 79. 

Owls and Hawks, food of, 402^22, 

Oxen and other cattle, number and value, 1886, by States, 567. 

P. 

Parkinson, W. L. , report of, 226, 228. 

Patent, the Swenson, Commissioner’s letter in reference to, 242. 

Peach, 6^4. 

culture in the extreme Southwest, G48. 
different races of, 649-651. 
leaf rust of, 353-355. 

Pear blight, liability to, 680, 681. 

Peen-to peach, character of, G87. 

Pepper, black, 689. 

Peppermint, 310. 

Phyllotreta vittata, injury to cnbbage, 163. 

PhysiantJius, insect-catchin ; properties, 98. 

Pigweed, 308. 

Plant diseases, 334. 

Plants of economic food value in Texas and New Mexico, 282. 

Plates, descrii)tion of, for swine diseases, 522. 

explanation of, in vegetable pathology, 393-397. 
pieuro-pneumonia, 458-477. 

concluding remarks relating to, 477. 

rules and regulations in reference to suppression and extirpa- 
tion of, 459-461. 

State acts for co-operation in reference to, 462-464. 
work in Connecticut, 477. 

District of Columbia, 475. 

Illinois, 464. 

Maryland, 468. 

Massachusetts, 476. 

New Jersey, 472. 

New York, 472. 

Pennsylvania, 475. 

Virginia, 475. 

Plum Aphis, 146. 

Ourculio, 109. 
leaf rust of, 353-355. 
the, 634, 

varieties of the, 635-637. 

Poisoning birds, experiments in, 423-426. 

Pomelo, the, 642. ' 

PomolOgical Division, work of, 39. 

Pomologist, report of, 627-652. 

Pork packing, 1886-’87, and 1887-’88, 567. 

Portulaca oleracea, 306. 

Potato blight and rot, 331. 

remedies for, 332. 

Potatoes, Irish, acreage and product, 1880 to 1887, 547. 

product and value, 1886, by States, 559. 
price per bushel, 1886, by States, 561. 
yield per acre, 1886, by States, 561. 
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Powdery mildew of the Gooseberry, 373-380. 
Prairie dogs, description of, 439^41. 
Preserving, clarifying, and storing beer, 187. 
Prickly-pear, as food for stock, 283, 284. 
Propagating nut trees, 647. 

Pruning grapes, time for, 683. 

Purslane, 306. 


Q* 


Quail as enemy of Chinch Bug, 67. 

Quarantine of neat cattle at Garfield Station, N. J., 521. 

Littleton Station, Mass., 521. 
Patapsco Station, Md., 521. 
in the United States, 529. 


R. 


Railroad construction, 1887, by States, 602. 

Rain-fall and temperature, crop year 1887, 525. 

tables for 1885, 1886, and 1887, 74, 

Ramie, conditions of growth, 689. 

Ranunculus sceleratus, 307. 

Rape-Butterfly, 168. 

Raspberry, anthracnose of the, 357-361. 

Red-legged Ham-beetle, 95. 

Scale, 124. 

Spider, 144. 

Report of Botanist, 301-321. 

Chemist, 181. 

Chief of Forestry Division, 605-616. 

Seed Division, 653-671. 

the Bureau of Animal Industry, 457-522. 

Clifford Richardson, on the investigation of food products, 282. 

E. B. COWGILL, on Sorghum, 223-226. 

Entomologist, 48-179. 

experiments with Sorghum and Sugar-cane, 213-281. 

H. A. Hughes, on experiments at Rio Grande, N. J., 246. 

Magnus Swenson, 213, 

Microscopist, 617-625. 

Ornithologist, 399-456. 

Pomologist, 627-652. 

results of ornithological investigations in Minnesota and Dakoto by Ver- 
non Bailey, 426-454. 

Statistician, 523-602. 

Superintendent of Gardens and Grounds, 673-690. 

• the Vegetable Pathologist, 323. 

W. J. Thompson, on cane- juice filtration, 268-281. 

W. L. Parkinson, on operations at Fort Scott, 226, 228. 
preliminary, of the Commissioner, 7-47. 

Reports from correspondents on seeds, etc., 662. 

on miscellaneous seeds and field crops, 660. 

Resin compound, 50. 

experiments on AphidcBy 146. 

Rhubarb, different species of , 685. 

Richardson, Clifford, report of, 282. 

Rocky Mountain Locust in Nebraska in 1887, 167. 

Rose leaves, black-spot on, 366-369. 
phragmidium, 372. 
rust, 369-371. 

Rust of beets, 350. 

Rye, acreage, product, and value, 1886, by States, 558. 
price per bushel, 1886, by States, 560. 
yield per acre, 1886, by States, 560. 
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S. 

San Jose Scale, 124. 

Scale-insects, experiments, 143. 

Silk culture, 115. 

Cattaneo nurseries, 117. 
co-operative organizations, 122. 
distribution of silk- worm eggs, 115, 

European egg-producers, 115. 

experimental stations, 118. 
experimental silk filature at Washington, 119. 
importance of properly stifling the cocoons, 121. 
microscopical examination of eggs, 116. 

Mulberry trees, 117. 

production and purchase of cocoons, 120. 

Royal Sericultural Station at Padua, 118. 
work, 49. 

Southern Cabbage Butterfly, 168. 

Statistical Division, work of, 21. 

Institute, International, meeting at Rome, 1886, 689. 

Statistician, report of, 523, 

St. John’s wort, 308. 

Storing, clarifying, and preserving beer, 187. 

Strawberry Crowm-borer, 170. 

leaf bUght, 334-340. 

Saw-fly, number of generations, 152. 

Striped Cottonwood beetle, 170. 

Striped squirrel feeding on Turf Web-worm, 155, 160. 

Sugar, comparative yields by milling and diffusion, 261. 

Sulphites in beer, 195. 

Sulphur fumes, experiments for Scale-insects, 124. 

Surplus products of United States, 574. 

Swenson’s patent, Commissioner’s letter in reference to, 242. 

Swine plague, attempts to produce with pure cultures, 507, 508. 

description of plates for, 522. 
investigations on the etiology of, 491-505. 
observations on the general character of, 513-519. 
remarks on the causation of, 509-518. 

suggestions as to the means of preventing the spread of, 519, 520. 
summary of facts obtained' from this epizootic, 505, 506. 
products and exports of, 568. 

Salicylic acid in samples of beer, 195, 

physiological action of, 194. 
production of, 193, 

use as a preservative in food and drink, 194. 

Sainfoin, 801, 303, 304. 

Salmon, Dr. D. E., report of, 457-522. 

Salt, as a constituent of beer, 197. 

Saunders, William, report of, 673-690. 

Scribner, F. LamsOn, report of, on Vegetable Pathology, 323. 

Seed Division, report of, 653-671. 

work of, 83. 

Seeds, quantity and kind issued by the Department, 671. 

Share contracts in farming, 585. 

Sheep, number and value, 1888, by States, 567. 

Silk industry, 19. 

Sirup filtration by W. J. Thompson, 268-281. 

Smut of Indian corn, 380-389. 

Sorghum cane, chemical work on, at Rio Grande, N. J. , 250. 

crop of, at Rio Grande, N. J. , 247. 
worked for sugar at Fort Scott, amount of, 216. 
juice, analyses of, at Rio Grande, N. J., 250-254. 
defecation of, 215, 238. 
evaporation of, 216. 

experiments in boiling to grain, 216, 234. 
sugar available, tabulated average of, 218. 
average yield of, 217. 
cost of a factory for, 219. 
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Sorfflmm sugar experiments at Fort Scott, 213-221. 

^ Rio Grande, N. J. , 246-249. 
factories, central and auxiliary, size of, 241. 
factory, capacity of, at Fort Scott, 236. 

length of the season for working, 241. 
scientific work of, 237, 239. 
the cutting and cleaning apparatus, 237. 
industry, the future of, 240. 
inversion, effect of heat upon, 21S, 219. 

of, 215, 218, 230, 232. 
making, details of the process of, 229. 

working season at Rio Grande, N. J., 248. 
trials at Fort Scott, record of, 217. 
yield obtained at Fort Scott, 239. 

Southern fever, co-operation to prevent losses from, 479. 

T. 

Table of analyses of malt liquors, by the Department of Agriculture, 191. 

wines, by the Department of Agriculture, 206, 206. 
the averages and extremes of American dry wines, 204. 
composition of California wines, 203. 
showing the importation of different breeds of cattle, 522. 

Tables of analyses made at Fort Scott, 222, 223. 

Tables of annual consumption of distilled and malt liquors, 184. 

examination of wines for preservation, 209, 210. 

Tea farm discontinued, 41. 

Peruvian, 689. 

Temperature and rain-fall, crop year 1887, 525. 

Tent, apparatus for operating, 126. 

Teosinte, 301, 302. 

Thomas, Dr. Cyrus, on influence of rain-fall on Chinch Bug, 72. 
Thompson, W. J., report of, 268-281. 

Tisserand, M., Paris, France,, acknowledgment of services of, 603, 
Titmouse, Black-capped, feeding on Codling Moth, 94. 

Titus fumigator, 128. 

Tobacco, acreage, product, and value, 1886, by States, 560. 
price per pound, 1886, by States, 561. 
stems, vaporized, experiment, 141. 
yield per acre, 1886, by States, 561. 

Tonka bean, character of, 683. 

Tortricid larva injurious to Honey Locust, 169. 

Transportation rates, 1887, 595. 

Tree-planting, time for, 680. 

Trifolium elegans, 304. 

hybridum, 304. 
incar natum, 305. 
medium, 305. 

Trimble hay-band system, 100. 

Turf Web-worm, 50. 

description of egg, 158. 

Ground Squirrel eating, 155-160. 

Twelve-spotted Diabrotica injuring corn, 148. 

Two-lined Soldier-beetle, 95. 


U. 

United Kingdom, wheat imports from different countries, 1872 to 1886, 570. 


, V. 

Vanilla, report on, 673. 

Yasey, Dr. Geo. , report of, 301-321. 

Vegetable Pathology, report of section, 323-397. 

section of, work of, 27. 

Vine diseases, remedies for, 328-331. 

methods of application, 330, 331, 
notes on the diseases of, 323, 327, 328. 
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Wages of farm labor, 579. ^ 

by States, 1869 to 1888, 580. 

Walker, Philip, report on silk culture, 115. 

Walnut Case-bearer, 95. 

caterpillar in Nebraska, 169. 

Water, examination of samples of, 295, 296, 

Webster, F. M., report on corn insects, 147. 

work of, in 1887, 50. 

Weeds of agriculture, 306-310, 

Weeping Lace- winged Fly, 66. 

Whale-oil soap experiment, 124. 

Wheat, acreage and product, decennially, 1849 to 1879, and 1884, 537, 

of in India, by provinces, 1878-79 to 1886-’87, 572. 
product and value, 1886, by States, 557; 1887, 540. 
area, product, and value, 1880 to 1887, 538. 
consumption and distribution, crop of 1887, by States, 541. 
per capita, 538. 

cost of transportation. New York to Liverpool, 1866 to 1887, 597. 
crop of 1887, 536. 

distribution of crop of 1887, up to March 1, 1888, 541. 
export price, 1875 to 1887, 542. 
growing in India, 571. 

head Army-worm, injury done to timothy in Iowa, 160. 

imports of United Kingdom from different countries, 1872 to 1886, 570. 

increase in production, 536. 

price per bushel, 1886, by States, 560. 

production and consumption from March 1, 1881 to 1888, 540. 

distribution, 1880 to 1886, 539. 
product per capita decennially, 1849 to 1879, and 1884, 536. 
surplus, the world’s, 570. 

value per bushel in principal States, 1875 to 1887, 542. 
weight, per bushel, 1887, by States, 543. 

westward movement of production, decennially, 1849 to 1879, and 1884, 537 
Wire-worm, in Indiana, 153. 
yield, per acre, 1886, by States, 560. 

White-rot of grapes, 325. 
sage, 302. 

WiCKSON, E. J., experiment with arsenical poisons for Codling Moth, 112. . 

Wier shingle trap, 101. 

Wine, changes produced by fermentation of, 200. 

' preparation of, 198, 199, 200. 
preservation of, 201, 208, 209, 210. 
production of the world, 198. 
varieties of, 201. 

Wines, adulteration of, 207. 

beers, and ciders, composition of, 183. 
coloring matters of, 208. 
composition of American, 202. 
fortification of, 208. ’ 

. methods for improving, 200. 
plastering of, 208. 
statistics of, 198. 

Wolfskin fumigator, 127. 

Woodpeckers feeding on Codling Moth, 94. 

Wool and cotton, report on, 43. 

Woolly Aphis, 144. 

experiments, 50. 


Z. 


Zante currant, the vine producing. 
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